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Preface

Pediatric ophthalmology is a broad field encompassing many
diverse topics including embryology, chromosomal abnormali-
ties, neurology, craniofacial abnormalities, systemic diseases,
retina disease, and strabismus. This variety makes pediatric 
ophthalmology interesting and intellectually stimulating, but at
the time somewhat daunting. The handbook series is designed
to give the practitioner an easy to understand, succinct yet
detailed reference on various subjects related to pediatric 
ophthalmology. 

The Handbook of Pediatric Retinal Disease is a practical
resource on the diagnosis and management of both the most
common and more esoteric retinal disorders. An in-depth
chapter on electrophysiology of the eye (with an emphasis on
hereditary retinal disease) is included. This chapter provides
important information for deciding which tests to order and how
to interrupt electrophysiology results. Children with retinal dis-
orders often are faced with irreversible visual loss and even
blindness. In these cases, even a seasoned physician often feels
uncomfortable when speaking with the family. A beautifully
sensitive chapter, “Breaking the News,” provides practical
points to help the physician communicate both clearly and
empathetically with the family. 

A broad range of retinal disorders are covered in this volume,
with many color photographs to demonstrate the ophthalmo-
scopic findings. Chapters in the handbook are reader friendly and
are organized with clear sub-headings to guide the reader to their
areas of interest quickly. Excellent color photographs and dia-
grams illustrate the clinical points and help establish firm diag-
nosis parameters. Extensive use of tables and information boxes
simplify and summarize complex topics. Each chapter is fully
referenced to provide evidence-based practice guidelines and
further in-depth reading. 
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Another important use for the Handbook of Pediatric
Retinal Disease is to serve as a basis for patient and family 
education. Information including diagrams and photographs
from the handbook about their child’s specific retinal disease can
be shared with the families. This important information is often
lacking in general texts on ophthalmology and pediatrics.

I hope you will find the Handbook of Pediatric Retinal
Disease to be an invaluable adjunct to your pediatric practice. 

Kenneth W. Wright, MD
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Pediatric Visual
Electrophysiology

Anthony Kriss* and Dorothy Thompson

Visual electrodiagnostic tests can contribute significantly 
to pediatric ophthalmology. The tests are objective, safe, 

relatively swift, and easy to administer. They can give unique
insight into the functional integrity of different levels of the
visual pathway. The electroretinogram (ERG) indicates retinal
function, the electro-oculogram (EOG) expresses pigment
epithelium function, and the visual evoked potential (VEP)
reflects optic pathway function beyond the eye to the visual
cortex. These tests complement, and supplement, other visual
methods of assessment. Thus, depending on the clinical context,
an abnormal ERG may suggest the necessity for metabolic
screening, and an abnormal VEP in association with a normal
ERG can indicate the need for structural imaging studies.

There are advantages to being able to use visual electro-
diagnostic tests in preliminary disease stages in young infants.
This practice enhances the chances of successful surgical or 
clinical intervention and allows genetic counseling when it is
most pertinent to young parents. It can also ease emotional
acceptance and allow for more opportune implementation of

1
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*In Memoriam: On October 5, 2001, Dr. Kriss passed away after a long
illness. Despite the gravity of his ill health, Dr. Kriss worked hard to
finish this chapter and submitted it one week before his death. His tenac-
ity in completing this definitive work on Pediatric Electrophysiology is a
testament to his passion for this field. I have known Dr. Kriss profes-
sionally for almost 20 years and have the highest respect for his research,
teaching, and clinical abilities. This chapter exemplifies Dr. Kriss’ com-
mitment to excellence, attention to detail, and his world-class expertise
in the field of Pediatric Electrophysiology. It is my honor and privilege to
include his chapter in this second edition by Kenneth W. Wright, MD.



educational programs. In many ways, the functional sensitivity
of electrodiagnostic tests is not yet rivaled by functional imaging
techniques. Despite advances in statistical manipulation and
faster resolution, the application of imaging methods to young
children is still a daunting challenge.

When ERG and VEP are tested together, they can help deter-
mine whether a baby’s nystagmus or failure to fix and follow are
a result of dysfunction of the anterior visual pathway. Together,
they can help distinguish if the basis of the clinical problem lies
with cones, rods, the inner retinal layer, optic nerve, or at the
chiasm or postchiasmal pathway. In older infants, testing can
help establish if there is an underlying reason why an eye is not
responding to patching and can provide an objective indicator 
of the presence of posterior hemisphere dysfunction with an
associated visual field loss. In older children, visual electrophy-
siology can be a useful complement in investigating headaches,
malingering, or possible functional visual loss. Pattern VEP find-
ings can also provide a helpful measure of the level of visual
acuity, especially in preverbal children. Visual electrophysiology
in the future will offer a key measure of the functional outcome
of human gene therapy.

The results of visual electrophysiological tests are usually
displayed as graphs of voltage (in microvolts) plotted against
time (in milliseconds). These graphs have characteristic wave-
forms, and the constituent positive and negative peaks are quan-
tified by their latency (called implicit time by some), relative 
to the onset of stimulus delivery, and their size (amplitude) 
relative to the previous peak or an estimated baseline. Formal
identification usually recognizes the polarity and latency of a
component; for example, P100 of the pattern reversal response
refers to the positive component that peaks 100 milliseconds
(ms) after the pattern reverses. Response measures are also
altered by technical and physiological factors, which can mimic
response changes associated with pathology. Therefore, it is
important to be aware also of the effects of nonpathological
factors, as they could lead to misinterpretation of recordings by
the unwary. To reduce the possibilities of these types of error,
international professional bodies have prescribed standards [e.g.,
ISCEV (International Society for the Electrophysiology of Vision)
or International Federation of Clinical Neurophysiology].35,36

This chapter is a distillation of visual electrophysiology
[ERG, EOG, pattern electroretinogram (PERG), and VEP]. It
describes the physiological basis of responses with emphases on
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responses used clinically and on the application of visual elec-
trophysiology to pediatrics. Details of the ISCEV recording 
standards are given also. These standards relate mainly to the
testing of older children and adults; pediatric standards are 
being discussed at present. The authors have described testing
protocols for young children that they found to be valuable in a
pediatric practice dealing with both ophthalmologic and neuro-
ophthalmologic problems (to about equal extents), testing
approximately 1500 children per year.

THE ELECTRORETINOGRAM

Types of Electroretinograms

FLASH ERG, PATTERN ERG, AND MULTIFOCAL ERG

Some retinal cells hyperpolarize, others depolarize in response
to changes in retinal illumination. The gross effect of these
summed biopotentials is recordable at the front surface of the
eye as a series of negative and positive voltage changes (peaks)
in the first 200ms after the light stimulation. These series of
peaks are the ERG. The form and timing of the ERG is related
to the eye’s state of light adaptation and to the intensity,
spatial, chromatic, and temporal characteristics of the stimu-
lus. The flash electroretinogram (F.ERG) is generated by a
uniform flash of light (e.g., from a strobe light flashed in a
Ganzfeld or by LEDs) that reflects electrical activity from most
of the retina. A pattern electroretinogram (PERG) is recorded
when structured stimuli are used; for example, checkerboards
or gratings. Usually, PERGs are recorded using stimuli local-
ized to the macular and paramacular areas. Pattern stimuli
contain equal numbers of black and white elements (usually
checks) that counterphase, or appear from a background of
uniform gray field of equal mean luminance (pattern onset).
With these stimuli, there is no overall change in mean retinal
luminance, and light scatter within the eye is minimized. A
localized flash ERG can be applied if a bright stimulus sur-
round is used to reduce the effect of scattered light (called focal
ERG).

Multifocal ERGs (mfERGs) are obtained by stimulating 
the central 30° to 50° of the retina with a contiguous array of
flickering hexagons. Each element is independently alternated

chapter 1: pediatric visual electrophysiology 3



between black (off) and white (illuminated) according to a
pseudorandom binary order called the m-sequence. Multiple
hexagons are simultaneously alternated, but the m-sequence
determines that no pattern of simultaneous hexagon stimula-
tion is repeated twice in the sequence. Cross-correlation tech-
niques associate ERG activity with localized retinal areas and
provide a topology (map) of the test field’s retinal sensitivity.150

SEPARATING ROD AND CONE ACTIVITY

There are important clinical advantages in separately assessing
rod and cone activity. Rods and cones can function separately or
interactively, depending on the level of overall illumination.
During light adaptation, the retinal circuitry alters to cater for
a million-fold change in visual sensitivity (6 log10 unit). The cone
pathways are preferentially stimulated by high-intensity white
light and longer-wavelength (red) flashes presented under 
photopic conditions, as well as by fast flash rates delivered 
above 15/s. The rod pathway is preferentially activated by dim,
short-wavelength (blue-green) light stimuli or by very dim 
white flashes presented at less than 10/s under fully darkened
(scotopic) laboratory conditions.

Rods can detect single light quanta in dark backgrounds.
Rod ERGs are slower responses than cone ERGs, as they are
reflecting a longer pathway through the retina. Rods contact one
bipolar type only: the “On” rod bipolar, which directly links to
a rod amacrine cell that, in turn, feeds back to contact cone
“On” bipolars. Cones are involved in analysis of spatial con-
trast discrimination mechanisms and detect decrements (“Off”
changes), as well as increments (“On” changes) of light against
an illuminated background. Cones directly contact both cone
“On” and “Off” bipolars.190 Other more direct rod-to-cone gap
junction pathways and also an “Off” bipolar pathway have been
described.187 Electroretinography can help dissect these path-
ways and improve our understanding of retinal dysfunction.

Origins of the ERG

RETINAL RESPONSE TO LIGHT

Light stimulation of both rods and cones causes transient and
sustained changes in the extracellular ion composition, particu-
larly of potassium ions (K� ions). Müller cells, which are of glial
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origin and span the depth of the retina, have variations in their
surface conductivity for K� ions. This variation causes localized
buffering of K� ions and induces radial currents involving the
length of the Müller cell. The movement of these ionic currents
through the membrane and interstitial resistance of Müller cells
give rise to an associated voltage change [V � current (I) � resis-
tance (R)], and this mass dipolar response is detectable at the
front surface of the eye as the ERG.

COMPONENT ORIGINS

Granit, in 1933, suggested that three processes are involved in
generating the flash ERG: process I (PI) is the main contributor
to the c-wave (EOG), PII to the b-wave, and PIII to the a-wave.70

Granit surmised that the ERG is an algebraic summation of
these positive- and negative-going processes with different
timing and size and that the processes are generated by differ-
ent retinal structures. ERG analysis continues to be a lively area
of research some 70 years later. A variety of neurotransmitter
analogues, and antagonists, are now available to pharmacologi-
cally dissect out the various contributions of the different retinal
networks whose function also contribute to the resultant
ERG.191 New components (e.g., the scotopic threshold response
elicited by markedly dim flashes) have been discovered.193 New
analysis techniques (algorithms) have been applied to studying
phototransduction,171 and methods of assessing the different
contributions of On and Off pathways have been elaborated.193

Paired-flash ERGs have been used to study inactivation mecha-
nisms and recovery rates of rhodopsin via the dynamics of the
rod a-wave.92 The lifetime of activated rhodopsin in normal
human rods has been estimated to be 2.3s.167

Three main features of the flash ERG are usually analyzed
for clinical purposes:

• Size or amplitude of the negative and positive peaks (a- and
b-waves)

• Latency or implicit time of these peaks
• Waveform, in particular, the relative size of each wave that

determines the shape of the ERG (e.g., as when describing
the “negative” ERG)

Cone-driven ERGs are smaller, with components of shorter
latency, compared with rod-mediated ERGs. Cone-driven ERGs
can be distinguished by b-wave latencies around 30 to 35ms,
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prominent a-waves, and “spikier” morphology. The rod ERG is
rounder, with later and larger b-waves, around 50 to 60ms, and
the a-wave is less prominent, or may be nondetectable depend-
ing on stimulus intensity (Fig. 1-1).

The a-wave is the main corneal negative wave with a peak
latency of 15 to 25ms (depending on stimulus intensity and
whether it is mainly being generated by cones or rods). In the
dark, an influx of cations through channels kept open by cGMP
depolarizes the rods, resulting in release of the neurotrans-
mitter glutamate. Light stimulation causes closure of cation
channels, resulting in diminution of the dark current, receptor
hyperpolarization, and reduction of glutamate release. The a-
wave is a reflection of the mass hyperpolarization of photore-
ceptors. The maximum amplitude of the photocurrent response
is determined by the upper limit of dark, or circulating, current
available. On illumination, the catalytically active form of
rhodopsin, metarhodopsin II, binds to the membrane G-protein

6 handbook of pediatric retinal disease

FIGURE 1-1. Schematic retina showing level of electroretinogram (ERG)
component generators. Diagram represents ionic changes occurring in
retinal thickness after light stimulation. The summation of these changes
over time results in the ERG. The different parts of the ERG waveform
are generated in different retinal levels.



(Gt) and initiates a signal-amplifying cascade of reactions.163

Changes in the slope of the a-wave with intensity have been
quantitatively related to the mechanisms involved in the G-
protein-triggered phototransduction amplification cascade. Dif-
ferences in amplification and maximal a-wave amplitude have
been noted between retinitis pigmentosa (RP) and cone dystro-
phy.28,29,91,171,178,197 Recent work has attempted to relate differ-
ences in the behavior of these parameters with RP genotypes.222

The b-wave is a corneal-positive component. Its latency is
between 30 and 80 ms, depending on the relative contribution
of cones and rods. b-wave activity is associated predominantly
with depolarization of on-center bipolar cells. However, Sieving
et al.191 have recently demonstrated that the size and shape of
the photopic ERG b-wave is limited by hyperpolarizing bipolars
and represents the algebraic sum of both depolarizing and hyper-
polarizing activity. The size of the b-wave changes system-
atically with stimulus intensity and can be approximated
mathematically by the Naka–Rushton function, which is a der-
ivation of the Michaelis–Menten equation and describes a satu-
rating nonlinearity as follows:

�

where V � trough-to-peak amplitude of the b-wave
Vmax � maximum value of trough-to-peak amplitude

Int � flash intensity in td-second
K � semisaturation value, i.e., when I � K V is Vmax/2

Oscillatory potentials (OPs) are a series of high-frequency
positive wavelets (four are usually discernible, but sometimes a
late fifth wave is present also). OPs overlap with the rising phase
of the b-wave. These wavelets are thought to reflect synaptic
activity of inhibitory feedback pathways in association with
retinal amacrine and ganglion cell activity. Early wavelets of
OPs reflect rod function and “on” pathways, and later wavelets
are linked with the cone system and “off” pathway activity.225

OPs are most readily recorded under mesopic conditions. They
represent both photopic and scotopic processes and the inter-
action between cone and rod pathways. They are sensitive to
chemical agents that disrupt retinal inhibitory mechanisms
(dopamine-, GABA-, and glycine-mediated) but are not selec-
tively altered by excitatory amino acids.

Int
��
Intensity � K

V
�
Vmax
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The c-wave is a slow positive-going wave that is best
recorded over several seconds using DC amplification. It shows
variable presence among healthy controls, mainly as it repre-
sents the interaction of two retinal potentials with opposite
polarity and similar time course. One is a slow positive retinal
pigment epithelium (RPE) signal and the other a negative
response caused by the presence of K� ions in subretinal space.
The c-wave is difficult to record reliably and is little used 
clinically.

The d-wave is a positive wave that is closely associated with
a reduction in light under photopic conditions. When very brief
flashes are used, this component is not obviously discernible as
it merges with the b-wave. It can only be isolated by separating
on and off stimulation by 50 to 150ms.

Flicker ERGs elicited by stimuli rates greater than 20/s
reflect cone photoreceptor activity. Rods are unable to respond
to activation at these stimulation rates. There appears to also be
an inner retinal contribution to the flicker response.107 Stimula-
tion rates of 8 to 10/s are used to elicit sinusoidal rod-mediated
ERGs.

SCOTOPIC THRESHOLD RESPONSE (STR)

The STR is a slow negative response generated at the inner retina
and peaking around 100 ms. It is elicited from a dark-adapted eye
using very dim light at intensities lower than that which elicits
the b-wave. Experimental evidence suggests that it is generated
at the inner retina, most probably by amacrine cells.193

PATTERN ERGS (PERGS)

PERGs are usually elicited for clinical purposes by using a
reversing checkerboard, stimulating macular/paramacular
retinal areas. The PERG has typically a biphasic configuration
with a positivity at 50 ms (P50) and a negativity at 95 ms (N95).
Clinical and experimental evidence indicates that the P50
reflects macula function and the N95 reflects ganglion cell func-
tion.51,90 PERGs are small, of the order of 0.5 to 8�V peak ampli-
tude. They are best recorded with corneal electrodes that do not
impede the eye’s optics (e.g., DTL fiber, gold foil, HK silver wire
electrodes). Interestingly, infraorbital skin electrodes pick up
PERGs at about half the size of those detected by corneal elec-
trodes, whereas, for flash stimulation, ERGs are about 80% to
90% smaller. ISCEV recommends a check size of 0.8°, presented
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in a field size of 16°.12 Clear focus response, averaging up to 50
to 100 averages, and minimal blinking are needed to optimally
record PERGs. This level of cooperation is more likely to be
achieved in children aged 6 years and older.

ERG RECORDING METHODS

Electrodes
ERGs are recorded clinically from metal electrodes placed on, 
or very close, to the cornea. The electrode conductor may be
mounted in a contact lens, or directly touch the eye’s tear film
(as with gold foil and DTL electrodes). There are warnings
against multiuse contact lenses, and several guidelines are 
published regarding the risks of cross-contamination from elec-
trodes used for clinical electrophysiology purposes. The greatest
known risks are from AIDS, hepatitis B, and prions associated
with Creutzfeld-Jakobs Disease (CJD) and human variant CJD.
In clinical visual electrophysiology, disposable electrodes are
strongly advocated. Single-use, contact lens JET electrodes and
DTL fiber electrodes are favored for corneal ERG recordings 
and sticky pad electrodes for infraorbital recordings. Sterilizable
silver/silver chloride EEG electrodes are commonly used to
record VEPs.

Some centers routinely use contact lens electrodes to record
flash ERGs from babies and young children. The recording is
obtained while the child is unconscious, either under sedation
or anesthetized as part of a fundus examination. Other centers
find that reliable recordings can be obtained in most young 
children while the child is conscious but physically restrained.
Very little has been published on the risks of corneal abrasion or
serious damage associated with sedation or anesthesia for ERG
recording in children. Indeed, there are medical practitioners 
and parents who feel the risks associated with induced uncon-
sciousness are unacceptable when used to obtain the ERG only.
Some departments use skin ERG recordings as “a last resort”
when sedation is not an option for reasons of patient size or
weight. Other departments (including the authors’) find that,
with signal averaging, reliable flash ERG recordings can be
obtained from skin electrodes positioned immediately below the
lower eyelids; this method allows the VEP to be recorded at the
same session and has strong diagnostic advantages. The authors
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use DTL electrodes and ISCEV standard recordings for experi-
mental purposes on cooperative older children and adults.

ERG amplitude is related to the type of recording electrode
used. It is important for laboratories to standardize on one type.
The authors compared six different forms of electrode in the
same subjects. The Burian–Allen contact lens (with lid specu-
lum) electrode gave the largest a-b amplitude for the mixed
rod/cone ERG, which measured 470�V on average. Relative to
this, the amplitudes of the same component recorded from the
other electrodes were as follows: Jet, 89%; C-glide, 77%; gold
foil, 56%; DTL fiber 46%; and lower lid skin ERG, 12%.53

Physiological and physical factors also have important effects
on the ERG. Physiological factors to consider include these:

1. Gender differences (females tend to produce larger and
shorter latency responses compared with males).

2. Age.
3. Fundal pigmentation (light fundi are associated with larger

b-wave amplitudes compared with darkly pigmented fundi).
4. Pupil size.
5. Refractive error.
6. Drugs (treatment and anesthesia).
7. Circadian rhythm.

Physical (stimulus) factors having important effects include
these:

1. Intensity: illuminance rather than stimulus intensity, 
per se, should be used to study retinal responses. Illuminance
depends on pupil size, which is small (around 3mm diameter)
in infants. In adults, however, it can vary between 5mm and
9mm after dilation. This variation of pupil area is significant,
and it is important to note pupil size or, more pertinently, 
illuminance, especially if the pupils are unusually large or 
small.

2. Duration.
3. Interstimulus interval (ISI).
4. Color.

Technical Equipment

AMPLIFICATION

ERGs and VEPs are relatively very small signals (5–10 thou-
sandths of 1 volt). Differential amplification is needed to visu-
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alize responses. This technique involves recording the voltage
difference between two points on the head (one “active,”
recorded over or very near where the response is generated, and
the other relatively “inactive,” little influenced by activity at
the active site). The method is an effective way to remove back-
ground activity (called noise), common to both active and 
inactive sites. Differential amplifiers have filters to restrict the
amplified range of high and low frequencies, which helps to dis-
tinguish response activity from electrical activity of other phy-
siological and extraneous origins. DC amplifiers have no lower
limit to their frequency response and can record both steady and
fluctuating potentials. They are preferred for recording very slow
potential changes (e.g., EOG fluctuations and the c-wave). AC
amplifiers allow filtering of low-frequency activity, which can
cause significant distortions in the recording of the ERG and
VEP. Low-frequency interference mainly arises from eye move-
ments and from ionic interactions at the electrode and body
surface interface. Recent advances now permit digital DC ampli-
fication to be used, and with this technique corrections of slow
potential changes can be made online while signal acquisition
is taking place.

AVERAGING

Individual small evoked responses such as the PERG and VEP
are often almost invariably difficult to discern, as they are inter-
mixed with “noise” arising from physiological (usually muscle,
heart, or spontaneous brain activity) and extraneous sources
(power lines, hospital equipment, communication frequencies).
The technique of signal averaging offers a powerful means to
systematically add activity occurring immediately after each
stimulus delivery; this has the effect of clarifying the signal 
and reducing background noise activity. The background noise
reduces approximately in relation to the square root of the
number averaged; for example, averaging 100 responses reduces
background noise amplitude to one-tenth of the size of the
response. Although children tend to produce larger VEPs than
adults, they tend to be more restless (i.e., produce more eye
movements and muscle activity), and a greater number of
responses need to be averaged to achieve a good discrimination
between the response and background activity.
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THE ELECTRO-OCULOGRAM

Granit’s process PI contributes to the c-wave of the ERG, and is
also reflected in the standing potential of the electro-oculogram
(EOG)70 (see p. 91). Steady ionic currents flow between the
pigment epithelium and the photoreceptors and generate 
the standing potential that is positive at the cornea relative 
to the posterior pole. ISCEV standards for the EOG, published
in 1994 and reissued in 1998, are found on their Web site
(www.ukl.uni-freiberg.de/aug/iscev)

The EOG is usually recorded using skin electrodes (nowa-
days, mainly EEG or sticky pad type) placed close to the inner
and outer canthi of each eye. The potential difference between
these electrodes is recorded, using DC or near-DC amplification,
when the eye makes a saccade between two preset fixation
points. This recording technique can also be used to depict and
monitor nystagmus.

The amplitude of the EOG is closely linked with the size 
of the saccade and with the state of light adaptation of the 
eye. Patients are asked to alternate fixation between two lights
placed centrally (commonly LEDS), with an angular separation
at the eye between 20° and 30°, every 2min or so. Eye move-
ments are performed in the dark, when the EOG reaches a
minimum amplitude, normally after 8 to 10min (dark trough).
Lighting conditions are then made strongly photopic and, after
8 to 10min, the EOG usually increases to a maximum size (light
peak), which is about twice the dark-trough size.9

Clinically, the ratio between the light peak against the 
dark trough is used as an index to gauge photoreceptor/pigment
epithelium function. This is called the Arden index and, in many
laboratories, values greater than 1.8 are considered normal.9 In
practice, children of approximately 6 years of age and older have
the tolerance and discipline to reliably make saccades every
2min, for a total of 30min.

Fulton et al.63 have described a technique for obtaining an
EOG in younger children. A rotating chair (as used for eye move-
ment studies) is utilized to elicit the vestibulo-ocular reflex (i.e.,
doll’s head response). The child’s fixation attention is held on 
a toy target while the chair rotates the child’s body by a fixed
amount (e.g., 30°). However, the technique is not widely applied
because, in practice, it is difficult to reliably hold a child’s atten-
tion for the long half-hour period required to gauge the light peak
and dark trough.
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THE VISUAL EVOKED POTENTIAL

Types of VEP: Transient, Steady State, Sweep, 
and Multifocal
The VEP is normally largest in the midline, around 3 to 5cm
above the inion. VEPs are elicited to stimulate a wide central
area of the visual field, most commonly at stimulation rates 
less than 5/s; this ensures that all components of individual
responses are clearly distinguished (the transient VEP). For clin-
ical purposes, uniform light flashes and checkerboard pattern
stimuli are usually used. Patterns either reverse (pattern rever-
sal) or abruptly appear from a uniform background of the same
overall stimulus luminance as the pattern and then disappear
(pattern onset/offset). Recently, the technique of multifocal VEP
has been introduced. The stimulation technique is similar to
that used for multifocal ERG studies, but the VEP is usually
recorded from a single midoccipital site following stimulation
of small, well-localized areas of the visual field. Steady fixation
during signal acquisition is vital, making its application to pedi-
atrics very limited at this time.

When the stimulation frequency is increased so that the
VEPs merge and appear to maintain a consistent sinusoidal
waveform (noted at rates around 8–10/s or more), then responses
are said to be “steady state.” Steady-state techniques are used to
elicit sweep VEPs where a predetermined range of different
pattern sizes, or contrast levels, are presented sequentially. The
changes in response amplitude and phase are analyzed using
Fourier techniques, and the results are presented graphically
(usually approximating a bell shape). Computations of the
maximum and measures of regression relating to the rate of
change of the rising and falling slopes are often used to sum-
marize results.

Cortical Origins of the VEP
VEPs reflect surface activity of cortical gyri and, therefore,
mainly reflect activity of areas of the visual field represented at
the surface of gyri. Parts of the visual field represented within
fissures are weakly recorded at the surface, at least by electrical
means, and are best picked up using magnetic techniques. Exper-
imental evidence indicates that the P100 component of the 
flash VEP arises from cortical activation by the retinogeniculate
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pathway. The arriving afferent volley causes depolarization in
lamina 4c of the striate cortex (area V1).68,184 Studies in the
monkey indicate that pattern reversal stimulation activates the
same cortical areas as diffuse flash stimulation but additionally
activates supra- and infragranular layers of striate cortex. Other
specialized visual areas are also activated, in particular, the V4
complex, which is also involved in generating later components
of the flash VEP.68 Topographic studies in adult humans suggest
the pattern-onset VEP has spatially separate generator sources
for its main three components, labeled CI, CII, and CIII.98,99 The
CII negativity, and probably CIII positivity, have an extrastriate
origin whereas CI positivity arises from striate cortex. However,
others have used dipole localization models and suggest that Cl
originates in peristriate Brodmann area 18 and CII in a periph-
eral area adjoining.162 In children, CI is the most prominent 
component and shows sensitivity to changes in contrast and
luminance. CII shows sensitivity to the “contour” features of
pattern (i.e., edges, corners), and inward, starting around 8 years
of age and older. These maturational changes in the onset wave-
form can confound its application in the clinical context.

FLASH VEPS

Bright-flash stimulation is used mainly when visual acuity is
poor or when cooperation is limited. In patients with cataract,
corneal opacity, severe retinal dystrophy, optic atrophy, or
marked cortical defects, it is not possible to elicit pattern VEPs
reliably. The flash VEP has a complex waveform and can show
more variability across patients than pattern VEPs. This differ-
ence limits its clinical usefulness, as bright flashes must be
markedly dimmed before significant changes in flash VEP are
detected. This is the case also for changes in pupillary size.

PATTERN REVERSAL VEPS

The pattern reversal VEP (P.VEP) is usually elicited by checks
that alternate from black to white and vice versa. Some prefer
to use vertical or horizontal gratings going through the same
cycle. Horizontal gratings can be advantageous when nystagmus
is present because stimulation is in the plane orthogonal to 
the eye movement. The P.VEP has a stereotype triphasic wave-
form, dominated by a major positive component at about 
100ms (P100), preceding (N80) and succeeding (N145) negative
components.
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PATTERN-ONSET VEPS

Pattern-onset VEPs are elicited by the brusque appearance of 
a pattern usually lasting between 100 and 300ms. When onset
durations are longer than about 80 to 100ms, then VEPs both 
to the onset and offset are discernible; at shorter intervals, the
VEPs merge and it is difficult to distinguish particular individ-
ual components. Interestingly, the waveform and response 
properties of the offset VEP are similar to those of the pattern
reversal VEP (although component latencies are consistently
about 10ms later for offset VEPs).188

The pattern reversal VEP is used more widely in clinical
assessment, as its waveform is maintained across the lifespan,
and half-field abnormalities are more reliably detected with this
stimulus mode. Pattern onset is valuable for assessing acuity 
in the older child, particularly if nystagmus is present. In older
children, it is useful in identifying the abnormal pathway projec-
tion associated with albinism.8 It is also more difficult to actively
defocus the pattern with onset stimulation, and this stimulus
mode is also valuable when assessing patients suspected of
malingering or having hysterical visual loss. In their laboratory,
the authors routinely perform both pattern reversal and onset/
offset stimulation on patients with nystagmus and those who
may be feigning visual loss, as the tests can be done rapidly, and
complementary information is obtained in a recording session
lasting approximately 35 to 40min.

COLOR, MOTION, BINOCULAR, AND VERNIER VEPS

There are two main projecting systems from the retina: these
parvocellular (P) and magnocellular (M) systems appear to 
maintain partial segregation in their projections to the many
specialized cortical areas.56 Although there is functional overlap
between M and P systems, stimulus properties can be targeted
so as to bias the contribution from one of these processing
streams.132,142,216 Isoluminant chromatic patterns, or high-con-
trast, high spatial frequency patterns, presented at low tempo-
ral rates preferentially stimulate the P system. The M system is
more responsive to low-contrast, low spatial frequency stimuli
presented at high temporal rates.211 Stimuli at velocities less
than 4°/s appear to preferentially elicit VEPs from cortical areas
concerned with motion processing.50,119,137,156

The use of these specific stimuli has not yet significantly
enhanced routine pediatric electrophysiological assessment.
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However, experimental studies have reported interesting find-
ings about normal visual development. Skoczenski and Norcia195

have shown that vernier VEPs are strikingly immature, agreeing
with what is found in psychophysical studies of vernier acuity.
The slower normal maturation of the nasotemporal optokinetic
nystagmus (OKN) (compared with temperonasal OKN) and the
persistence of this asymmetry in infantile esotropia shows mod-
erately good correlation with the degree of asymmetry in motion
VEPs, eye alignment, fusion, and stereopsis.20

Paradoxical Lateralization of the Pattern 
Reversal VEP
It is well recognized that the posterior scalp distribution of the
pattern reversal VEP is strongly asymmetrical if only one occip-
ital hemisphere is activated; this occurs during half-field 
stimulation, or if a hemianopia is present. Half-field stimulation
activates the contralateral striate visual area, represented at the
occipital pole and medial surface on each side of the calcarine
sulcus, near the pole (i.e., the right half-field activates the left
hemisphere). The P.VEP P100 component is commonly largest
over the midline and occipital scalp ipsilateral to the field (i.e.,
to right half-field). Stimulation P100 is largest over the right
occiput, especially when moderate to large checks (�30�) are pre-
sented in a wide lateral half-field (�6° out from central fixation).
Recording electrodes over the hemisphere ipsilateral to the stim-
ulated field therefore are optimally placed to pick up the dipole-
like activity generated by activation of the visual area of the
contralateral hemisphere.14 This has been called “paradoxical”
lateralization, because the P.VEP P100 is mainly being recorded
over the nonstimulated hemisphere.

It is very important to be aware of the changes in VEP dis-
tribution associated with hemianopia when clinically inter-
preting VEPs, particularly in pediatrics, when the abnormality
may be unsuspected. The authors have described in several
studies97,125,166 how the detection of VEP asymmetry associated
with hemianopia led to confirmation by imaging studies of
unsuspected posterior cortical abnormalities in young infants.
They disagree with others37 who have asserted that VEP is not
reliable in demonstrating hemianopia. When there is a P100 over
one occiput and N100 over the other, the authors find that this
is a strong and reliable indication of posterior hemisphere dys-
function (Fig. 1-2).22,26–28
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Macular and Paramacular P.VEP Components
As indicated previously, half-field stimulation in healthy con-
trols and full-field stimulation in patients with hemianopia will
produce asymmetrically distributed VEPs over the occiput, with
the P100 component being largest on the side of the scalp ipsi-
lateral to the stimulated or preserved half-field and an N100
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FIGURE 1-2. Diagram of paradoxical lateralization. The stimulation of
the right half-field mostly activates the left hemisphere from the occipi-
tal pole along the calcarine fissure. If this hemisphere is regarded as a flat
battery, the direction of the bioelectrical dipole (arrow) points to the oppo-
site hemisphere. Thus, the electrode on the hemisphere ipsilateral to the
field stimulated (contralateral to the activated hemisphere) is best placed
to pick up the P100. This would be the occipital distribution if there 
were right hemisphere dysfunction and a homonymous left half-field
defect. The distribution would be the same for each eye: an uncrossed
asymmetry.



component largest over the contralateral scalp. There is strong
experimental and clinical evidence that activation of the macula
area (up to about 6°) elicits P100 and its accompanying negative
components at around 80 and 145ms. However, activation of 
the paramacular areas of cortex (from about 6°–10° from central
fixation) elicits a contralateral N100 (and its accompanying
components, P75 and P145).79 Patients with discrete central 
scotomas, such as those found with tobacco-alcohol amblyopia,
will produce P.VEPs with an attenuated P100 but with relatively
well-preserved N100 components best recorded over each side
of the occipital midline.78

Recording VEPs in Children
VEPs are altered by the state of arousal and defocusing, more
markedly so for P.VEPs elicited by smaller checks (�20�).
Anesthesia and deeper levels of sedation can lead to all forms 
of VEP becoming broader, smaller, and later. However, Wright
et al.236–238 have described that P.VEPs obtained under chloral
hydrate sedation can be useful in assessing interocular differ-
ences in amblyopia.

The authors much prefer to record from alert young 
children. Infants and toddlers sit on a parent’s lap but are most
likely to require encouragement to attentively fix on the stim-
ulus target; this also helps to reduce myogenic activity associ-
ated with movement. The advice of parents is usually sought to
help decide whether an older child should sit on a lap or sit 
independently. A large stimulus screen (about 10° to 15° out
from central fixation) is important to ensure stimulation of both
macular and paramacular cortical representations. It is useful to
have the ability of switching from music videos or cartoons to
pattern stimulation (but keeping the audio track constantly on).
Toys making attention-grabbing noise and when dangled across
the upper part of the stimulus field are also useful, as the corti-
cal representation of the lower visual field is more represented
mainly in occipital/parietal areas and predominantly contributes
to full-field VEP recordings.

Closed-circuit television is valuable in helping to monitor
fixation, and interrupted averaging, which acquires data only
when fixation is adequate, greatly helps to obtain more reliable
results. Repeated runs are necessary to confirm response con-
sistency. The authors recommend using a series of different
check sizes to assess consistency and subtle variations in
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response amplitude and latency. This methodology will also
help give an indication of vision and refractive error (if P.VEPs
become larger and of shorter latency when larger checks are
used). Spectacles should be worn, but this is not always pos-
sible. Therefore, it is important to present an adequate range of
check sizes that can withstand moderate refractive error. The
authors use check sizes ranging from 400� to 6.25� presented in
a 28° field, starting with a medium check size (50�), which is rel-
atively robust to moderate refractive error and provides an indi-
cation of the general quality of P.VEPs likely to be recorded from
that patient.78 Marked changes in pupil size and eyelid droop will
also deleteriously affect P.VEP amplitude and latency. Pattern-
onset stimulation is the preferable stimulus mode when 
nystagmus is present or fixation is otherwise unstable. Slow
stimulation rates (about 1/s), and longer acquisition times (about
500ms) are more suitable when recording immature VEPs of
infants less than about 8 weeks of age.

A transoccipital montage of at least three electrodes is
essential for VEP detection of chiasmal or hemisphere anom-
alies. A monopolar recording derivation, in which a common 
reference is placed near the midfrontal location, is preferable for
more optimal visualization of occipital VEP half-field asymme-
tries. Bipolar derivations, where separate references are placed at
parietal/central location of each hemisphere (favored by some
workers), can have the effect of reversing the apparent localiza-
tion of the VEP.78 Monocular stimulation should be part of the
routine testing protocol, and pattern-onset stimulation used if
latent nystagmus becomes evident. When cooperation is very
limited, binocular and monocular ERG and VEP flash stimula-
tion should be tried first, followed by attempts at pattern stim-
ulation (onset and reversal). Many children are calmer by the end
of this stage, and some may accept eye patching for monocular
testing. If not, the session can be abandoned, having obtained
useful details about retinal and postretinal function, and another
appointment is given for 3 to 6 months later for another attempt
at getting more detailed information using pattern stimulation.

STANDARDS AND GUIDELINES

Subcommittees of the International Society for Clinical Elec-
trophysiology of Vision (ISCEV) have recommended standards
for electroretinography, electro-oculography, and visual evoked
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potential recording. There are also guidelines for multifocal
ERGs, and, as indicated earlier, guidelines for pediatric visual
electrophysiology are in preparation. The International EEG 
Federation has endorsed the ISCEV standards (see also 
American EEG Society EP Guidelines, 1994).

ISCEV ERG Standards
These standards define a standard flash to be 1.5 to 3.0 photopic
cd/m2 intensity at the surface of the Ganzfeld stimulus bowl
with a maximum duration of 5ms. Use of a contact lens 
electrode with speculum is strongly advocated together with
artificial pupillary dilation, a full-field Ganzfeld sphere, and at
least 20min of dark adaptation. The recording of five standard
responses is recommended in the following order:

Dark-adapted responses:

1. A rod response from dark-adapted eyes, elicited after at
least 20min of dark adaptation by a dim white flash (2.5–3log
units dimmer than standard flash); the a-wave should be barely
detectable and the b-wave should have a slow onset and be rel-
atively large (200–400�V).

2. Next, a maximal mixed rod/cone ERG recorded from a
dark-adapted eye using the standard flash with well-defined a-
wave, b-wave, and oscillatory potentials.

3. Finally, oscillatory potentials (OPs) are recorded to repet-
itive standard flashes, presented at 15-s intervals to the dark-
adapted eye (the first few trials are discarded as OPs will become
more conspicuous to later flashes). The slow activity of a- and
b-waves is preferentially filtered (amplifier settings of 100–
300Hz), making OP high-frequency wave-lets more conspicu-
ous. The number, size, and latency of OPs are noted.

Light-adapted responses:

1. The eye is then light adapted (rods saturate at levels
above 30cd/m2) for at least 10min as the patient stares into the
internally illuminated Ganzfeld bowl. The cone-mediated ERG
to the standard flash is then recorded.

2. Last, the cone-mediated ERG to the standard flash flick-
ering at 30Hz is acquired.
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Recording from Young Children

ISCEV APPROACH

The ISCEV standards advocate that a contact lens, with lid
speculum, also be used in young children. They indicate that for
“unusually noncompliant” children (most often between 2 and
6 years), restraint may be necessary, or alternatively induced
sedation or anesthesia (often linked with fundal examination)
may be needed. It is acknowledged that heavy anesthesia can
change the ERG. Light anesthesia is likely to have a small effect,
compared with the variability expected in pediatric recordings.
However, there is no discussion of the possibility of corneal
abrasion and the rare, but potentially very serious, risk asso-
ciated with general anesthesia or sedation. These issues are 
discussed from time to time on the ophthalmology Internet mail
base (ped-ophth@ucsd.edu). The guidelines also acknowledge
that the standard ISCEV protocol may need to be abbreviated
and, when cooperation is poor, it may be possible to obtain only
the ERG responses most pertinent to the diagnostic question
(Fig. 1-3).

GOS PEDIATRIC PROTOCOL: COMBINED
ERG/VEP RECORDING

Recording the ERG and VEP at the same session greatly
enhances the diagnostic power of visual electrodiagnostic
testing, particularly when assessing young children who appear
to have poor vision. It is possible to rapidly and reliably gauge
if the basis of the visual problem is retinal (involving predomi-
nantly cones, rods, or both), or whether it is postretina, prima-
rily affecting the optic nerve, chiasm, or pathway beyond the
chiasm (if multichannel recording and monocular stimulation
are adopted). There is a degree of complementarity between the
tests; thus, cone or macular abnormalities will be associated
with poor VEPs also.

As mentioned previously, the authors do not routinely
sedate or anesthetize young children, and still manage to achieve
a low recording failure rate (about 2–3/1000 where no ERGs and
VEPs could be recorded); this is accomplished by entertaining
and encouraging children, and using the assistance of parents
throughout the recording session. Skin ERG electrodes are posi-
tioned within 1cm of the lower eyelid margin (this is comfort-
able for the child, and ERGs are relatively large). The authors
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use natural pupils so that cycloplegia does not affect pattern
VEPs. Pupils are always inspected in case they are markedly con-
stricted, as that will have an effect on both ERG and VEP record-
ings. The natural pupil mixed ERG a-b wave is, on average, 15%
smaller when compared to those obtained under full dilation.116

A handheld Grass PS22 photic stimulator is held in front of
the child’s eyes at 25-cm distance. It is important to follow the
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FIGURE 1-3. ISCEV responses. Diagram of the five ERGs recommended
by the International Society for Clinical Electrophysiology of Vision
(ISCEV), which ensure that rod and cone function are separated. The
mixed rod/cone ERG shown is in response to a bright flash. As flash
intensity increases in the dark-adapted eye, the a-wave grows and the 
b-wave becomes larger and early, until the opposite polarity responses
start to interact and cancel one another. The morphology becomes more
negative with a-wave � b-wave amplitude; this may occur from pale
fundi, and it is always worthwhile varying flash intensity to observe the
dynamic interaction of a- and b-waves. Compare also the waveform and
b-wave latency change from rod ERG to cone ERG. Traces have been
scaled individually for ease of illustration. OPs, oscillatory potentials.



head movements to ensure a degree of consistency in stimula-
tion. Acquisition is halted if the child tightly closes their eyes or
buries their head against the person who is holding them. The
flash intensity 4 is normally used (3.7 � 105 cdm2). Testing is
carried out under fully darkened (scotopic) laboratory conditions.
Spectrally matched stimuli are used to elicit similar amplitudes
for rod- and cone-mediated ERGs using dim blue (450-nm) and
red (670-nm) flashes, respectively. The flash stimuli are pre-
sented at a rate of 3/s, and 128 responses are averaged for each
trial (Fig. 1-4); it takes 40 s to obtain an averaged response.
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FIGURE 1-4. Responses to the (GOS) protocol. ERGs and visual evoked
potentials (VEPs) are recorded in the same session. ERGs are recorded
from skin electrodes placed beneath the eye to a range of flash intensi-
ties and colors. The mixed rod/cone responses show both a- and b-waves.
First, record the mixed rod/cone ERG under scotopic (scot.) conditions
and then use spectrally matched red, green, and blue flashes. Afterward,
photopic (phot) conditions are introduced and cone-mediated ERGs 
are recorded. The colored filters under photopic conditions elicit poor
responses, illustrating the predominant rod contribution to these stimuli
and the P100 as labeled. As check size diminishes, the surrounding 
negative peaks, N80 and N145, become more prominent. Pattern rever-
sal VEPs are recorded to a range of check sizes, and the midline channel
is shown in this figure. The pattern electroretinogram (PERG) can be
detected simultaneously and shows the p50 and n95 components. Flash
VEP waveforms are more variable and complex.



RESPONSE MATURATION

Maturation of the ERG
The infant ERG is smaller and broader compared with that of
the adult. By 6 months of age, the ERG is approximately within
10% of adult amplitude and latency values.117 Maturation
changes in the retina are due predominantly to changes in the
structure of the rod outer segments and increased levels of
rhodopsin.62,21,158,230 The a- and b-waves precede the postnatal
appearance of the first oscillatory activity, and earlier OPs
emerge before later wavelets.225

Maturation of the VEP
Myelination progresses after birth, and this is partly reflected in
the marked decrease of VEP latency during the first 6 months of
life. It is advantageous to record at rates around 1/s, particularly
in the first 6 to 8 weeks of life. Normally, there can be consid-
erable interindividual variability in VEPs in the first few weeks
after birth.108 McCulloch et al.141 have fit logistic curves to help
laboratories that do not have young norms. As mentioned, the
pattern-specific negativity of the CII pattern onset is poorly dis-
cerned, or even not detectable, in early childhood. The pattern-
onset VEP waveform progressively becomes more complex and
adult-like during later childhood (about 8–10 years of age).

Delayed Visual Maturation (DVM)
In DVM uncomplicated by other neurological or ophthalmologic
disease, both the flash ERG and VEPs (to flash or pattern stim-
ulation) are of normal size and latency, compared with age-
matched controls.123,181

DIAGNOSTIC APPLICATIONS

The flash ERG probably plays its most vital role in conditions
where ophthalmoscopy shows a normal, or questionably
normal, fundus and optic disc appearance yet the child seems 
to have poor vision. In early childhood, this clinical picture 
frequently occurs in Leber’s congenital amaurosis, congenital
stationary night blindness (CSNB), cone monochromatism 
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(congenital achromatopsia), progressive cone dystrophy, early
stages of RP, and some toxic retinopathies.

Both Rod and Cone Function Are 
Markedly Abnormal
In Leber’s congenital amaurosis (LCA), which accounts for at
least 5% of all inherited retinal dystrophies, both rod and 
cone ERGs are most usually nondetectable, although occasion-
ally they may be very severely attenuated and just barely
detectable.72 Concurrent recording of flash ERG and VEP is
useful in assessing Leber’s amaurosis, as the presence of flash
VEP activity indicates cases who are likely to have some degree
of rudimentary/navigational vision (as opposed to complete
blindness). Lambert et al.127 found attenuated, degraded flash
VEPs in 19 of 43 LCA patients with vision limited to perception
of light or hand movements. One patient (1/43) had P.VEPs to
coarse checks (400�). If the successful gene transfer RPE65 
mutation in the canine homologue holds for humans, then 
the demonstration of improved flash ERGs suggests that, in the
future, visual electrophysiology will be useful in monitoring the
functional success of young children treated by this means.1

Retinal Conditions in Which Rod Function Is
Predominantly Abnormal
Rod dysfunction can occur in isolation as in retinitis pigmen-
tosa (RP), or linked with a wide variety of conditions including
hereditary and systemic disease, vitamin A or vitamin E defi-
ciency, or disorders associated with high or prolonged drug
therapy (e.g., chlorpromazine, thioridazine).

All these conditions, at least in the early stages of the
disease process, share the picture of very attenuated, or nonde-
tectable, mixed rod/cone and rod ERGs with partial preservation
of cone ERG activity. In early RP, cone-mediated flicker ERGs
can be delayed19 and sometimes a negative ERG morphology is
recorded.41 Macular function tends to be preserved until later
stages of the disease. In early and middle childhood, VEPs to
flash and pattern stimulation are commonly of normal size and
latency. However, as the retinal disease progresses centripetally,
macular function is increasingly affected and the P.VEP is
delayed and reduced in amplitude.131 In addition, the P.ERG
becomes much attenuated, or not detectable.90
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The amplitude of the flash ERG can relate to the mutation
site of the rhodopsin molecule (i.e., intradiscal, transmembrane,
or cytoplasmic abnormality in dominant RP).182 Compared with
recessive and X-linked RP, autosomal dominant RP usually has
a later onset and milder phenotype, and relatively mildly sub-
normal rod and cone ERGs are often recorded in these cases.
Autosomal recessive and X-linked RP patients tend to have more
deleteriously affected night vision. X-linked RP is phenotypi-
cally heterogeneous, and the two main genetic loci, RP2 and
RP3, cannot be distinguished clinically.60 RP3 is linked with
mutations in the RPGR gene (retinitis pigmentosa GTPase 
regulator) and, on average, tends to show lower ERG amplitudes
and smaller visual field areas than are seen in patients with
RP2.186 Flash ERG abnormalities in female carriers of X-linked
RP appear to be correlated with the extent of fundal involve-
ment, which manifests as the severity of tapetal sheen and
peripheral pigment abnormalities increases.74 AR RP is such a
heterogeneous condition that prognosis is difficult.

The deeper understanding of the genetic basis of diseases has
led to more complexity in the categorization and heterogeneity
of phenotypes; this is demonstrated by the phenotypic variations
associated with the ATP-binding cassette-transported gene,
ABCR, ABCA4. Depending on mutation, this may present as 
an early macular dystrophy such as Stargardt’s disease, an RP-
like dystrophy, in the first decade or a cone/rod dystrophy with
central chorioretinal atrophy in the second decade.106,139,164 It is
interesting that autosomal recessive RP has been mapped to the
genetic interval encompassing the ABCR gene.179

Rod Dysfunction Associated with Systemic
Disease, Syndromes, and Inborn Errors 
of Metabolism
Pigmentary retinopathy occurs also in association with a wide
range of systemic diseases. Gyrate atrophy is an autosomal
recessive defect of ornithine aminotransferase, causing chori-
oretinal disease that progressively affects rods more than cones,
at least initially. The peripheral fundus has a characteristic hole-
punched appearance. The mixed and rod-mediated flash ERGs
are generally reduced and usually become extinguished by the
second decade of life. The EOG also progressively diminishes as
the disease process spreads toward the macula. The phenotype
frequently occurs with reduced levels of ornithine but can also
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occur with normal levels.104 A low-protein, low-arginine diet
and/or supplementation with vitamin B6 have had variable
success in some patients.18

ABETALIPOPROTEINEMIA

In this autosomal recessive condition, the flash ERG can be of
subnormal amplitude when the fundus appears normal on oph-
thalmoscopy. The EOG is abnormal when pigmentary retinopa-
thy is observed. Injection or oral administration of both vitamins
A and E are established treatments effectively reversing or sta-
bilizing symptoms and exhibit abnormal flash ERG and EOG
features.54,180

PEROXISOMAL DISEASE
Poggi-Travert et al.168 have reviewed the clinical features dis-
tinguishing peroxisomal disease. At least 21 genetic disorders
(mostly autosomal recessive) are linked with peroxisomal dys-
function. Nine of the 17 peroxisomal disorders with neurologi-
cal involvement are associated with an accumulation of very
long chain fatty acids. In Zellweger’s, there is mostly severe 
neurological dysfunction and widespread photoreceptor and 
ganglion cell degeneration. The flash ERG and VEP are usually
absent.66,205 In autosomal recessive infantile Refsum’s, the flash
ERG is generally of subnormal size or nondetectable.226 Berson18

has reported that dietary restriction of phytanic acid and phytol
can arrest the pigmentary retinopathy commonly observed in
older children with this condition. Infantile adrenoleucody-
strophy is an autosomal recessive condition in which there is
marked demyelination within the brain. The flash ERGs and
VEPs are usually not detectable beginning at an early age.
However, in X-linked adrenoleucodystrophy, the flash ERG is
normal, but VEP (to flash and pattern stimulation) is invariably
delayed, probably in relation to the degree of visual pathway
demyelination.42,234

BARDET–BIEDL SYNDROME

This heterogenous autosomal recessive condition, with at least
six distinct loci and characterized by obesity, polydactyly, and
renal malformations, is associated with a variable, progressive
rod/cone dystrophy. Retinal pigmentary changes may not be
detectable in early childhood, although some degree of night

chapter 1: pediatric visual electrophysiology 27



blindness may have already been noted by the parents or care-
givers. Pattern VEPs tend to be smaller and later, compared with
age-matched controls.16,61,129 Recent research suggests that visual
acuity is closely correlated with optic disc atrophy, and that the
latter should be considered primary, rather than secondary, to
retinal disease.95

USHER’S SYNDROME (US)

Usher’s syndrome also has an autosomal recessive mode of
transmission and is characterized by sensorineural hearing
impairment associated with pigmentary retinopathy. Ten loci
have been mapped so far. Clinically, three forms are recog-
nized.198 Type 1 Usher’s syndrome is the most common and most
severe. Patients present with severe to profound hearing impair-
ment from birth, absent vestibular response, and progressive 
loss of night vision in the first decade. Type 1 accounts for 90%
of all patients presenting with Usher’s syndrome. The more
common genotype is USH1B myosin VllA, which is detectable
in 75% of type 1 and in 50% of all cases, taking into account 
all forms of Usher’s syndrome. The type 2 form is clinically 
less severe, with relatively moderate sensorineural hearing loss
(characterized by a steep sloping audiogram), normal vestibular
responses, and pigmentary retinopathy. The type 3 form gener-
ally has a more variable clinical picture regarding onset of the
progressive hearing loss, vestibular response abnormalities, and
the degree of pigmentary retinopathy. The genetic heterogene-
ity of the disease obscures policy decisions regarding at what age
hearing-impaired children should be screened for the progressive
rod/cone dysfunction associated with Usher’s.

JOUBERT SYNDROME

Joubert et al.102 first identified a condition in young children
characterized by episodic tachypnea and apnea, oculomotor
apraxia, developmental delay, ataxia, and absence of the cere-
bellar vermis clearly identified by imaging studies. Dekaban46

described two siblings with the same clinical findings but indi-
cated that retinal dystrophy was also a common feature. Visual
electrophysiology studies commonly show a markedly attenu-
ated or nondetectable mixed rod/cone ERG, but macular 
function is usually well preserved and reflected in normal, or
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near-normal, VEPs to both flash and pattern stimulation.126

Longitudinal data that the authors have collected on six pa-
tients over an average 8-year period suggest there is some slow
deterioration of pattern VEP over time.

MUCOPOLYSACCHARIDOSIS AND NEUROLIPIDOSIS

In the majority of the different forms of mucopolysaccharidosis
(MPS), there is infiltration at various levels of the visual pathway
by one or more of the products of mucopolysaccharide such 
as heparan, dermatan, or keratan sulfate. Corneal deposition of
heparan sulfate causes clouding in MPS I, II, and III. The authors
have reviewed the mixed rod/cone ERGs and VEPs to flash and
pattern stimulation in 21 patients with MPS: MPS I-H Hurler 
(9 patients), MPS I-HS Hurler Scheie (1 patient), MPS I-S Scheie
(4 patients), II Hunters (X-linked) (3 patients), IV Morquio (2
patients), and VI Maroteaux–Lamy (2 patients). The mean age at
the first recording was 6.2 years (range, 8 months to 18 years).
Most of these young MPS patients had normal flash ERG and
VEP results (43%); only in a minority of MPS children (10%) were
there significantly attenuated mixed rod/cone flash ERGs. This
finding contrasts with older cases reported in the literature, in
which most of the patients in their second and third decades had
subnormal or nondetectable flash ERGs. In 47% of patients, VEP
degradation was present. In 28% of these patients, although flash
VEPs were well preserved, pattern VEPs (especially those to small
check sizes, �50�) were abnormally attenuated and degraded,
suggesting that corneal clouding was significantly degrading
vision. In the remaining 19% of patients, the flash ERG was
normal, but VEPs to both flash and pattern stimulation were all
generally markedly attenuated and degraded. This finding indi-
cates marked postretinal involvement, most probably caused 
by compression of the optic nerve by infiltration of viscous
mucopolysaccharide products and because of raised intracranial
pressure. These findings did not correlate with specific groups.
There is general agreement that pigmentary retinopathy does not
occur in MPS IV and that ERG function is well preserved.

Neurolipidosis can also lead to accumulation of muco-
polysaccharide products. Type IV, in particular, is linked with
retinal degeneration and a generally abnormal ERG. In all forms
of neurolipidosis, the VEP tends to be abnormally attenuated
and degraded, especially in later stages of the disease.
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Mitochondrial Disease
Different syndromes can have the same apparent genetic muta-
tion, and different mutations can produce a similar syndrome.
For example, in some forms of mitochondrial disease, the 4977-
bp fragment is the “common deletion,” which leads to three
clinical manifestations: Pearson’s syndrome, Kearne–Sayre syn-
drome (KSS), and chronic progressive external ophthalmoplegia
(CPEO).169 Pearson’s syndrome is a potential precursor of KSS 
if patients survive the first year of hematological problems.147

RPE degeneration has been associated with several of the 
more common mitochondrial DNA mutations. Atypical pigmen-
tary retinopathy and subnormal ERGs have been reported 
in Kearne–Sayre syndrome and mitochondrial myopathy.128,149

However, these fundal and flash ERG changes in KSS are more
likely to be conspicuous in later childhood, around 8 to 12 years
of age. In their clinic, the authors have observed an increased
VEP latency and reduced amplitude pattern VEPs in KSS
patients.

Flash ERGs are normal in Leigh’s disease, but patients will
manifest markedly attenuated VEPs in the first year of life when
optic atrophy is also striking. Leber’s hereditary optic atrophy
(LHOA) has been shown to result from mutations in genes con-
cerned with mediating oxidative phosphorylation. The clinical
syndrome most frequently becomes manifest in the second
decade of life. The flash ERG is generally normal, although the
VEP becomes markedly attenuated and degraded.

Other conditions related to mitochondrial dysfunction
include mitochondrial encephalomyopathy, lactic acidosis and
stroke-like episodes (MELAS), myoclonic epilepsy with ragged
red muscle fiber (MERRF), mitochondrial neurogastrointestinal
encephalopathy (MNGIE), and the syndrome of neurogenic
weakness, ataxia, and retinitis pigmentosa (NARP).

Retinal Conditions Predominantly 
Affecting Cones

ROD MONOCHROMATISM (ACHROMATOPSIA)

This rare, inherited condition is most commonly autosomally
recessive. The rod-mediated ERG to dim white or blue flash is
usually normal but, characteristically, the white flash cone-
mediated ERG elicited under photopic conditions and those to
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red flash and 30/s flicker are all not detectable. The VEP is
invariably significantly attenuated, degraded, and delayed. It is
possible to electrophysiologically distinguish patients with X-
linked blue cone monochromatism who have preservation of the
normally sparse population of blue cones55 from complete achro-
mats (who have no functional cones of any type) by using blue
flashes presented against a yellow-orange background. However,
blue cone ERGs are normally very small, and contact lens ERG
recording and good cooperation by patients (i.e., little or no
background interference) is required to reliably discern the blue 
cone ERG. This condition is usually detected by psychophysical
testing in older children and adults. The Berson color vision 
test has good specificity.75,76 Young patients with achromatopsia
usually have high-frequency nystagmus. Nystagmus undoubt-
edly contributes to degradation of the P.VEPs, particularly when
using smaller checks (less than about 50�), depending on char-
acteristics of the nystagmus and other factors. When nystagmus
is present (be it congenital or latent), it is advantageous to use
flash and pattern-onset stimulation and large checks (�100�) for
pattern reversal stimulation.124

ALSTROM’S DISEASE

Alstrom’s disease is an autosomal recessive multiple-system
condition associated with a cone/rod dystrophy. In the first 6
months of life, cone function shows more severe abnormality
compared with rod function.218 By the age of 1 year, the cone
ERG is not likely to be recordable. The rod-mediated ERG has
a slower rate of deterioration and is commonly not recordable
by 5 years of age. The earlier cone involvement helps to distin-
guish Alstrom’s disease from other clinical conditions that 
also include pigmentary retinopathy, deafness, hypogonadism,
obesity, chronic nephropathy syndrome, diabetes mellitus, and
cardiomyopathy (i.e., Leber’s amaurosis, Bardet–Biedl, Cohen’s
syndrome, Usher’s syndrome).

MACULOPATHIES

Best’s disease is an autosomal dominant condition of unknown
cause. It has a distinctive visual electrophysiological picture
characterized by a normal ERG (for both photopic and scotopic
activity) but a significantly reduced EOG. The Arden index is
usually less than 1.5 in the early stages, when fundal abnor-
malities are conspicuous (“fried-egg” appearance) and acuity is
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reduced. In later stages, when the fundus has a “scrambled-egg”
appearance, the PERG and P.VEP show mild amplitude abnor-
malities. Thus, the EOG is very valuable when testing for this
condition. Usually, it is markedly subnormal from the onset
(when ERG is wholly normal), and is valuable in identifying car-
riers in whom it is of subnormal size.

Stargardt’s disease (STGD) is a macular dystrophy with 
an autosomal recessive mode of transmission. Bilateral visual
loss usually occurs over a period of several months. Fundus
flavimaculatus with macular involvement shows a more
gradual visual loss in the second to third decade and maps to the
same gene locus. These conditions display variable ERG abnor-
malities, loosely related to the severity of disease process and
the fundal appearance. Some patients show additional marked
involvement of cones, and others can show rod involvement.133

In the early stages when acuity is mildly decreased, both the
flash ERG and the EOG are likely to be normal. However, the
PERG and P.VEP are likely to show mild abnormalities, as they
more specifically test macular pathway function. Patients with
retinal flecks (26/46) had a slightly greater incidence of flash
ERG abnormalities, compared with patients without flecks
(20/46).206 Kretschmann et al.110 have shown that, in Stargardt’s
disease, the multifocal ERG is more sensitive than the full-field
flash ERG in demonstrating foveal dysfunction, at a stage before
acuity or fundus signs are apparent. In advanced cases with poor
acuity, the PERG is generally attenuated and P.VEP is usually
attenuated and marginally delayed.131 Mutations of the ABCR
gene appear to be responsible for STGD/fundus flavimaculatus,
autosomal recessive RP, and cone/rod dystrophy. Interestingly,
an additional locus for Leber’s amaurosis has been identified 
in a highly inbred family, mapping to chromosome 6, which is
close to the loci for Stargardt’s disease and Northern Carolina
macular dystrophy.72

Inner Retinal Dysfunction and 
the “Negative” ERG
The normal bright-flash mixed rod/cone ERG has a b-wave that
is 1.5- to 2-fold the size of the a-wave. When the b-wave ampli-
tude is markedly attenuated or not detectable, the mixed ERG
has a larger than average a-wave, as it is not partly reduced 
by the early phase of the electropositive b-wave activity. This 
a-wave-dominated ERG is described as a “negative” ERG 
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and, when associated with X-L CSNB, some authors name it
Schubert–Bornschein. The negative ERG morphology indicates
preserved photoreceptor activity and dysfunction of the inner
retina layers, usually affecting the bipolar and Müller cells 
(Fig. 1-5).

The negative ERG is associated with the following clinical
conditions:

• X-linked CSNB145

• X-linked retinoschisis25

• Infantile and juvenile neuronal ceroid lipofuscinosis227

• Duchenne’s muscular dystrophy39

• Early RP in a subset of RP patients41

• Bull’s eye maculopathy146

• Cone dystrophies105

Negative ERGs also occur in association with birdshot retinopa-
thy, CRVO, and melanoma-associated retinopathy (MAR IgG
circulating antibodies130). Lachapelle et al.121 reported a family 
in which 4 of 11 children had cone dystrophy and a negative 
photopic ERG, mainly ascribed to absence of OP4. In CSNB,
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FIGURE 1-5. Negative ERGs: first column, from a 5-year-old patient with
X-L congenital stationary night-blindness (CSNB); second column, from
a 5-year-old with X-L retinoschisis; third column, normal morphology
trace. It is noticeable that the CSNB patient does not appear to have 
any b-wave activity whereas there is some attenuated activity in the
retinoschisis patient. The very poor pattern reversal VEP indicates
macula pathway involvement in the patient with retinoschisis and sug-
gests poor vision. In CSNB, the pattern reversal VEP (P.VEP) is better pre-
served but marginally delayed.



OP2 and OP3 are selectively abolished. Recently, Fitzgerald 
et al.57 described three generations of a family all of whom had
nystagmus, moderate myopia, and visual developmental delay.
They all produced negative ERGs but, interestingly, compared
to Duchenne’s muscular dystrophy patients, there was no 
clinical evidence of night blindness or fundal abnormalities.

CONGENITAL STATIONARY NIGHT BLINDNESS (CSNB)

Patients with dominant CSNB (also called Nougaret type) have
near-normal cone-mediated ERGs, but rod-mediated ERGs are
not usually detectable. In autosomal recessive CSNB (Riggs type)
without myopia and fundus albipunctatus, both rod and cone
pigment take a long time to regenerate after bleaching by light.
The flash ERG and EOG attain normal amplitudes only after
very long periods of dark adaptation, sometimes as long as 3h,
compared with 20min for normal rod function. This feature is
distinct from that encountered in autosomal recessive Oguchi’s
disease, where the rod-mediated flash ERG is of normal size and
configuration for the first couple of flashes or so but then atten-
uates markedly. The cone ERG is normal.143

In X-linked CSNB, there is a functional deficiency affecting
the ON-rod pathway. X-L CSNB is commonly associated with
myopia greater than 4 diopters. The P.VEP tends to be of normal,
or marginally increased latency; however, it is often smaller
than average,124 which may be partly due to the nystagmus that
is frequently present in these patients, although subtle abnor-
malities affecting the cone system have also been reported for
this condition.

Miyake et al.145 have subdivided X-linked CSNB into two
types: complete CSNB and incomplete CSNB. Patients with
incomplete CSNB show a small positive rod ERG to dim flash,
negative bright-flash mixed rod/cone ERG, delayed but intact
rod-mediated oscillatory potentials (OPs), nondetectable pho-
topic OPs, and attenuated cone and flicker ERGs. Indeed, cone
function appears to be more deleteriously affected than in 
complete CSNB.144,219 OPs 2 and 3 are commonly not detectable 
in patients with complete CSNB.121 Complete CSNB is char-
acterized by near-normal cone ERGs, but negative bright-
flash ERGs and very attenuated negative rod ERGs have been
recorded.122

These CSNB subtypes have a different genetic basis. Incom-
plete CSNB has been linked with mutations affecting specific
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calcium channel alpha-1 subunit (CACNA1F) in a retina.24,151

Complete CSNB is related to mutations involving nyctalopin
and is postulated to disrupt development of retinal bipolar con-
nections.17 Incomplete CSNB and Aland Island eye disease lie
within the same gene interval, Xp11.23–p11.22, and there is a
suggestion that the two conditions are allelic.89

X-LINKED RETINOSCHISIS

X-linked juvenile retinoschisis is a vitreoretinal disorder in
which there is vitreous degeneration and a separation within the
retinal nerve fiber layer. Both central and peripheral fundal areas
are affected. Radial (cartwheel-like) folds consisting of perifoveal
microcysts with radiate plications of overlying internal limiting
membrane are commonly seen around the fovea. The cysts tend
to coalesce with time, followed by pigmentation and atrophy.
Mechanical separation of the inner layer affects retinal func-
tion and leads to selective attenuation of the b-wave. X-linked
retinoschisis patients usually show a negative ERG to a bright
flash and attenuated rod- and cone-mediated ERGs. Interocular
ERG and VEP are not uncommon. P.VEPs are frequently delayed,
depending on the fovea involvement. Bradshaw et al.25 reported
considerable heterogeneity of ERG response without clinical,
age, or genetic correlates in 19 patients. They suggest retinal
function is relatively stable throughout life, and found abnormal
a-waves suggesting some receptor involvement as well. Sieving
et al.192 have cautioned that it is possible to have a normal flash
ERG in the presence of known X-L juvenile retinoschisis muta-
tion, XLRS1 Arg213Trp. They report a grandfather and grandson,
each showing characteristic fundoscopic macular changes, but a
negative ERG was recorded from the grandfather. The grandson
produced normal ERGs. Retinoschisis with both clinical and
electrophysiological features can occur in females.

DUCHENNE’S MUSCULAR DYSTROPHY

The majority (65%–100%) of patients with Duchenne’s muscu-
lar dystrophy and Becker muscular dystrophy (the milder form
of Duchenne’s) can produce a negative ERG for bright flash stim-
ulation delivered under scotopic condition and markedly atten-
uated or nondetectable rod-mediated ERGs.39 Interestingly, there
is no effect on dark adaptation, suggesting the defect relates to
truncation or absence of retinal glia dystrophin affecting ERG
generation but not the direct neural pathway.100 The presence of
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increased macular pigmentation and normal photopic ERGs dis-
tinguished in patients with Duchenne’s muscular dystrophy
mutations separates them from other X-linked retinal disorders
with negative-shaped ERGs (e.g., iCSNB).58,194 The authors have
not found any ERG abnormalities in patients with merosin-
positive or -negative congenital muscular dystrophy.

NEURONAL CEROID LIPOFUSCINOSIS
(NCL OR BATTEN’S DISEASE)

All four childhood-onset forms of Batten’s disease are inherited
by autosomal recessive transmission and are associated with
retinal degeneration, severe visual failure, and nondetectable
flash ERG at advanced stages. However, in early stages of both
infantile and juvenile Batten’s disease, patients can have nega-
tive ERGs before the ERG becomes finally extinguished.227 In
both conditions, the flash VEP is commonly not detectable. In
late infantile Batten’s Disease, the “flash VEP” is reported to be
markedly enlarged, from 12 to 20 times larger than normal.83

However, this response may not be true occipital VEP, as each
flash elicits what appears to be “epileptic-like” activity with dif-
ferent morphology and distribution to a normal VEP (analogous
to the very large myoclonic response following somatosensory
stimulation).116 In the early stages, the cone b-waves are severely
attenuated and markedly increased in b-wave latency. The rod
responses are mildly abnormal, but more preserved than in
infantile NCL or juvenile NCL. In Kuf’s disease, the adult form
of Batten’s disease, the flash ERG and VEP are normal.227

Vitreoretinal Disorders
X-linked retinoschisis is characteristically associated with a neg-
ative ERG and has been discussed previously.

GOLDMANN FAVRE SYNDROME

This syndrome is an autosomal recessive condition that may
present in the second and third decade. The flash ERGs are
markedly attenuated, the EOG is subnormal, and flash VEPs are
attenuated and degraded. It has been suggested that the rare
“enhanced S-cone sensitivity” (ESCS) syndrome may fall within
the spectrum of Goldmann Favre syndrome, as the retinal
appearance is similar with yellowish retinal pigment epithelial
lesions in the region of the retinal vascular arcades.138 ESCS is
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characterized by night blindness and cystoid maculopathy, and
both scotopic and photopic ERGs are of similar morphology
characterized by a large slow response.138 ESCS is thought to be
caused by a mutation of the nuclear receptor gene NR2E3 that
drives pluripotent cells into S-cones.77

WAGNER’S VITREORETINAL DEGENERATION AND
EROSIVE VITREORETINOPATHY

These diseases are both allelic autosomal dominant conditions
manifesting as atrophy of the RPE, with choroidal and lenticu-
lar changes that distinguish them from Stickler’s syndrome.
Patients have poor night vision and attenuated ERGs.

STICKLER’S SYNDROME

This syndrome is a dominantly inherited disorder of collagen
connective tissue causing an abnormal vitreous, myopia, vari-
able orofacial abnormality, deafness, and arthropathy. Almost
two-thirds of the families affected by Stickler’s syndrome have
mutations in type 2 procollagen (COL2A1).199 COL2A1 is
present in the vitreous. The flash ERG changes appear to be
directly proportional to the extent of retinal detachment and
myopic fundal changes.

DIAGNOSTIC APPLICATIONS OF PERG

The combination of flash ERG and P.VEP can indicate if the
macular pathway is compromised. The PERG can further help
to distinguish macular retinal dysfunction from postretinal
macula pathway dysfunction. PERGs are most frequently used
to investigate possible early maculopathies (e.g., Stargardt’s).
The P50 component is expected to be attenuated in these cir-
cumstances. Attenuation of the P50 component is also reported
in diabetes, central serous retinopathy, and age-related macu-
lopathy, whereas the N95 reflects more proximal retina and is
abnormal in optic nerve dysfunction51,90 (e.g., optic neuritis,
optic nerve compression, and optic atrophy associated with
Leber’s optic neuropathy) linked with 11778 mutations and with
dominant optic atrophy linked with OPA1 locus 3q abnormali-
ties. These abnormalities can be present before clinical signs 
are evident.90 Usually, the ratio N95/P50 amplitude is greater
than 1.
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DIAGNOSTIC APPLICATIONS OF EOG

A main indication for an EOG in young children is to investi-
gate the possibility of Best’s disease maculopathy. Here the ERG
is likely to be normal, but the EOG will be conspicuously
abnormal. This picture contrasts with established Stargardt’s
disease, RP, and myopic choroidal degeneration, in which both
the EOG and ERG are abnormal. If there is severe RPE pho-
toreceptor dysfunction, then the EOG can be too small to record
eye movements. Recently, Arden and Wolf10 have described how
alcohol directly affects the RPE to elicit the same voltage
changes as produced by light. In patients with RP, both light rise
and alcohol rise are diminished, suggesting that secondary
abnormalities of RPE function have occurred in these RP
patients.

DIAGNOSTIC APPLICATIONS OF VEP

It is worth briefly stressing again that there are overwhelming
advantages, particularly in pediatric practice, to record both the
ERG and VEP together in diseases that affect the retina or ocular
structures anterior to the retina. By these means, it is possible
to gauge deleterious involvement of macular and extramacular
areas and to obtain an indication of the quality of macular
pathway function, including acuity levels. The pattern VEP indi-
cates the functioning of the postretinal macula pathway and
optic nerve. Thus, the presence of a pattern VEP with an atten-
uated ERG indicates relative preservation of the macula region.

Ocular Opacities
Bright flashes usually penetrate all but the densest ocular opac-
ities, and flash VEPs and ERGs are particularly valuable when
ocular opacities prevent adequate ophthalmoscopic visualiza-
tion of the perimacular fundus.223,228

CORNEAL OPACITY

Mucopolysaccharidoses and homocystinuria are associated with
corneal opacification. The flash ERG can help in gauging the
degree of retinal dysfunction, often before retinal pigmentary
changes are apparent, and the VEP (particularly those to pattern
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stimulation) can provide an estimate of the degree of optic nerve
dysfunction and visual acuity.

CONGENITAL HEREDITARY ENDOTHELIAL
DYSTROPHY (CHED)

CHED 1 is autosomal dominant inherited, and corneal opacifi-
cation tends to occur between 1 and 2 years of age. CHED 2 is
more common and is an autosomal recessive condition. Corneal
clouding is noted usually at birth, but progression is very slow.
Treatment for both conditions is penetrating keratoplasty, which
has better success rates when recipients are older. Schaumberg
et al.183 reviewed graft success and commented that it was dif-
ficult deciding when to intervene because acuity measurement
in these children is difficult. In the authors’ experience, pat-
tern VEPs provide a good means of monitoring visual function
(Fig. 1-6).

LENS OPACITY

Flash ERGs are usually normal, even in the presence of dense
cataracts that lead to rudimentary perception-of-light acuity
level, provided, of course, that the retina is functionally normal.
Indeed, it is possible to record larger-than-normal flash ERGs, as
the cataract may increase the degree of light scattering to the
very peripheral retinal areas (also called Ganzfeld effect).64

However, the cataract is likely to reduce the intensity of light
reaching the macular area, and the VEP, to both pattern and stan-
dard flash stimulation, will be markedly attenuated or, most
probably, not recordable. Galloway64 recommends that excep-
tionally bright flashes be used on these patients before com-
menting on macular pathway function. When lens opacities are
less severe and acuity is at moderate levels, then pattern VEP is
likely to be present but is reduced in amplitude and moderately
increased in latency, particularly to small check stimulation.113

When cataracts are small and of low density, using a small stim-
ulus field and small check sizes (�20�) may increase the sensi-
tivity pattern VEPs in detecting its degrading visual effects.

VITREOUS OPACITY

The size and latency of the flash ERG and VEP can be a useful
indicator of the likely visual outcome in intraocular hemorrhage
associated, for example, with advanced diabetic eye disease or a
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traumatic ocular injury.94 However, flash ERGs and VEPs may
not be detectable in the acute stage, but can reemerge as the
hemorrhage clears and allows more light to reach the retina.45,135

Maculopathy
Both the PERG and P.VEP reflect macular function well and,
ideally, both should be recorded when a maculopathy is sus-
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FIGURE 1-6. Midline pattern reversal VEPs to a range of check sizes pre-
sented binocularly to a 3-year-old with congenital hereditary endothelial
dystrophy (CHED) compared to P.VEPs from an age-matched control,
shown in the next column. As check size decreases to 100�, the P.VEP
morphology becomes degraded by the corneal opacity, and the P100 is
attenuated, indeed barely detectable, to checks smaller than this. This
method provides an objective measure of vision that can be monitored in
a child at an otherwise difficult age to obtain reliable behavioral meas-
ures. This illustration, however, is typical of the VEP acuity assessment
in any condition.



pected. It is best to record the PERG with corneal noncontact
lens electrodes but, if this is not practicable, then infraorbital
skin electrodes may be useful. If the PERG is not detectable,
then it can be inferred more confidently from the P.VEP that the
dysfunction is affecting the macular pathway beyond the retina.
The N105 P.VEP component has been shown to arise from stim-
ulation of paramacular areas of the visual field (between 10° and
15° eccentricity) and becomes prominent in macula dysfunction,
especially if accompanied by central scotoma at lateral occipital
locations, about 5cm from the midline.79,114,236 In experimental
studies, central scotoma shows the P.VEP P100 component to be
distributed over the side of the scalp ipsilateral to the stimulus
field (called paradoxical lateralization). Latency increases are
usually only mild, often less than 10ms.114 As an example, in
central serous retinopathy the P100 latency has been reported
to show an average increase of 7ms.165 The flash VEP is less 
sensitive than the P.VEP in showing abnormalities related to
maculopathy.

In autosomal recessive incomplete color defect (dyschro-
matopsia) and in some forms of X-linked dyschromatopsia, there
is deficiency affecting one of the cone types only, most fre-
quently either green or red type. The P.VEP is commonly of good
size and normal latency when black and white check stimula-
tion is used.174 Detection of a VEP abnormality in patients with
isolated red or green defects relies on using appropriate and accu-
rately balanced isoluminant stimuli.174,175

Optic Nerve Disorders
It is worth stressing, again, that monocular stimulation and
transoccipital multichannel VEP recording will help indicate
whether a disease process is affecting the optic nerve, chiasm,
or pathway beyond the chiasm. Half-field testing will improve
sensitivity in detecting VEP abnormalities associated with
homonymous or bitemporal defects.26,78 However, this form of
testing demands sustained fixation and is most commonly per-
formed satisfactorily by older children (usually 6 years of age or
older).

OPTIC NEURITIS

In optic nerve demyelination related to optic neuritis and in
multiple sclerosis with visual involvement, the P.VEP is almost
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invariably markedly delayed (of the order of 20–40ms) when
testing is done following the acute stage. Once acuity has recov-
ered, P.VEP levels rise to moderate to good levels. The P.VEP
tends to have a well-preserved waveform and is of moderate to
good amplitude. During the acute stage when acuity is poor, the
P.VEP is likely not to be detectable, or is very attenuated and
delayed.80

In a follow-up study of 39 cases of childhood optic neuritis
(average follow-up period, 8.8 years), it was found that only 20%
had developed multiple sclerosis.115 In another study of 20 chil-
dren who had had optic neuritis, with a mean age of onset of 9.4
years, it was found that 45% had significantly delayed VEPs at
follow-up and that, on average, this was 9.3 years after the onset
of the attack.81 In 64% of the eyes that showed significant delays,
P.VEP latencies were increased by 15 to 35ms, compared with
10 to 20ms in optic nerve compression that is described next.
This finding contrasts with optic neuritis in adulthood, where
90% of cases maintain significant delays in P.VEPs.78

OPTIC NERVE HYPOPLASIA (ONH)

Both flash and pattern VEPs are markedly attenuated, or not
detectable, in cases of severe ONH. In moderate hypoplasia, the
VEP (both to flash and large checks, �100�) is variably attenu-
ated, probably related to the degree of hypoplasia,117 and latency
may be moderately increased.7 ONH can occur in albinism and
is also frequently associated with de Morsier’s septooptic dys-
plasia, a syndrome linked with other midline brain abnormali-
ties, particularly pituitary and hypothalamic dysfunction, and
achiasmia. The flash VEP is valuable for indicating achiasmia in
young children, a condition that may miss detection on routine
CT or MRI scanning.212

OPTIC NERVE COMPRESSION

The P.VEP is usually degraded, attenuated, and mildly delayed
(of the order of 10–20ms) in optic atrophy caused by compres-
sive, ischemic, or degenerative conditions. P.VEPs show a greater
change compared with flash VEPs and often involve amplitude,
latency, morphology, and occipital distribution.78 The authors
have monitored a rare situation where the amplitude of P.VEPs
(and PERGs) progressively reduced and became nondetectable
concurrent with a gaze-evoked amaurosis when the patient (who
had neurofibromatosis type 2) held his eyes in leftgaze. The tran-
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sient blindness was caused by a mass at the apex of the left orbit
compressing the optic nerve.196

Infantile osteopetrosis is an autosomal recessive disease
caused by inadequate bone shaping by osteoclasts, which leads
to excessive deposition of bone throughout the body. Patients
are of short stature and characteristically have a pronounced
forehead. The visual and auditory systems are adversely affected
by the narrowing of the cranial foramina.67 The condition has a
characteristic “bone-within-bone” radiologic appearance. The
flash ERG has been reported to be attenuated;93,103 however, in a
series by the authors, the majority of young children (13/15
patients) had normal mixed rod/cone flash ERGs.213 An abnor-
mal flash ERG is likely to indicate associated neurological
disease and would contraindicate a bone marrow transplant
(BMT). However, it is worth noting that one of the cases had a
pigmentary retinopathy and macular chorioretinal degeneration
and did not show signs of central nervous system (CNS) degen-
eration 2 years after a BMT. The flash and P.VEP are abnormal
in most cases of infantile osteopetrosis. In this same series, most
patients had delayed (on average, 14ms above laboratory norms)
and attenuated flash VEPs. This finding can provide an early sign
of anterior optic pathway compromise, often before detection by
neuroimaging or fundoscopy.213

For craniofacial dysostosis, flash and P.VEPs can similarly
provide an early indication of visual pathway dysfunction in syn-
dromic and nonsyndromic craniosynostoses. Visual compromise
is mainly ascribed to elevated intracranial pressure and physical
distortion of the optic pathway. The authors have recently
reviewed 130 craniofacial patients, most of whom have autoso-
mal dominant syndromic conditions (e.g., Crouzon’s, Apert’s,
Pffeifer’s, and Saethre chotzen syndromes). These syndromes
have been associated with mutations in fibroblast growth factor
receptor genes.173,232 In the authors’ series, Crouzon’s syndrome
patients tended to have fewer ocular complications, compared
with the other syndromes. Breathing difficulties, especially
obstructive sleep apnea due to midfacial anomalies, may also
contribute to the papilledema and optic neuropathy observed in
these patients;172 this may explain why some cases show pro-
gressive deterioration in P.VEPs despite surgery to expand the
vault. The authors have also observed recovery of small check
P.VEPs after surgery and found that P.VEPs are a sensitive
monitor of visual function in these instances. VEP changes can
be conspicuous before optic pallor is frankly present and can
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indicate functional changes when the appearance in chronically
swollen discs is difficult to judge. Electrodiagnostic assessment
has become an important part of the multidisciplinary protocol
for assessing and managing such patients in the authors’ 
hospital.

Optic nerve glioma usually leads to a broadening, attenua-
tion, and mild delay of the P.VEP from the affected eye. The
transoccipital distribution of monocular P.VEPs can indicate 
any chiasmal involvement, caused by either backward spread 
of the disease process or primary involvement of the chiasm.
Groswasser et al.73 found that the P.VEP P100 from the affected
eye was, on average, delayed by about 20ms and attenuated by
5 to 12�V, compared with the fellow unaffected eye. P.VEPs
were much more sensitive than flash VEPs in showing eye dif-
ferences and transoccipital asymmetries. In 20% of patients,
occipital P.VEP asymmetry was mirror imaged when comparing
eyes (called crossed asymmetry) and strongly indicative of com-
promised optic fibers subserving the temporal visual field of
each eye. Interestingly, remission can occur occasionally in this
condition, and visual function can improve spontaneously.
Jabbari et al.96 stressed P.VEPs were useful in identifying patients
with neurofibromatosis who also have optic nerve glioma.
Primary involvement of the chiasm usually leads to marked
attenuation and degradation of P.VEPs.

Hereditary Optic Atrophy and Cerebellar Ataxias
P.VEPs are commonly attenuated, degraded, and sometimes
mildly delayed, in all forms of hereditary optic atrophy, although
there may be differences between conditions in the tendency to
which VEP components are affected.

LEBER’S OPTIC NEUROPATHY

In Leber’s optic neuropathy, there is bilateral subacute optic neu-
ropathy linked with mutations in the mitochondrial genome in
one of three nucleotide positions: 3460, 11778, or 14484. The
illness is commonly similar to that in multiple sclerosis (MS) in
females with 11778 mutation. P.VEPs are invariably markedly
attenuated at the initial stage when visual acuity is poor, and
although there may be some visual improvement subsequently,
P.VEPs remain attenuated and degraded compared with 
controls.32,49,78
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DOMINANT OPTIC ATROPHY

Many patients with dominant optic atrophy show “W,” or bifid
morphology, in both their P.VEPs and flash VEPs.51,165 For P.VEPs,
at least, this “W” waveform can be demonstrated by scotoma-
tous changes in which the macular P100 is attenuated and there
is predominance of paramacular VEP components.79 However,
other patients may have more widespread central vision involve-
ment in which P.VEPs are generally markedly attenuated and
mildly delayed (Fig. 1-7).

In some cerebellar ataxias, there may be pigmentary
retinopathy, not necessarily linked with optic atrophy. In
Friedreich’s ataxia, mild axonal degeneration of the optic nerve
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FIGURE 1-7. Midline pattern reversal VEPs to a range of check sizes
elicited in a boy with dominant optic atrophy. The P100 is replaced by
early and later positivities (arrows), most likely because of an attenua-
tion of macula contribution. Compare these to the control subject in
Figure 1-5.



occurs and P.VEPs are moderately attenuated and marginally
delayed.33 Vitamin E therapy for a Friedreich-like ataxia associ-
ated with RP has been shown to be effective in the short term.71

Reports of P.VEPs changes in olivopontocerebellar atrophy
(OPCA) are somewhat variable. Some authors describe delayed
and attenuated P.VEPs in about 20% to 50% of patients;159,204

however, others find P.VEPs to be normal.38

Drug Toxicity

VIGABATRIN

Vigabatrin is used to control infantile spasms and appears to
achieve this antiepileptic effect by inhibiting action of gamma-
aminobutyric acid transaminase (GABA). However, it also pro-
duces a nonreversible loss of peripheral vision (in 1%–29% of
adult patients) that is often binasal.52,231 Visual electrophysiol-
ogy results are somewhat variable. There are reports of reduced
EOG and oscillatory potentials,11,84 sometimes associated with
cone system dysfunction109 and rod dysfunction.11 The current
guidelines from the Vigabatrin Pediatric Working Party224 advise
testing the cone system, and Harding et al.,85 endorsed by the
American editorial board of Neurology, suggest that photopic
cone-mediated flicker ERG is an effective screening protocol.
Visual field testing is the most sensitive measure, but multifocal
ERG and VEP testing also appear to be useful in detecting visual
side effects of Vigabatrin.

OTHER ANTIEPILEPTIC MEDICATION

Other antiepileptic medicines have also been linked with visual
field defects, including valproic acid, lamotrigine, gabapentine,
diazepam, phenotoin, and carbamazepine.207,235 Carbamazepine
and phenytoin reduce b-wave amplitude and OPs.15 Some of
these drugs are often taken in combination, complicating the
interpretation of studies on side effects.

INDOMETHACIN

This medicine is used as a prophylactic to reduce the incidence
of severe intraventricular hemorrhage in very low birth weight
infants (less than 1500g) and as an antipyretic in newborns and
infants. Prolonged use can cause changes in scotopic a- and b-
waves.78
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CHLOROQUININE

The side effects of chloroquine include bull’s eye maculopathy.
The dysfunction is confined to the macula, and flash ERG find-
ings are usually normal. However, P.VEPs often show abnor-
malities relating to the central scotoma, the macula P100 being
replaced by paramacular PNP complex.157

VINCRISTINE AND VINBLASTIN

These two medicines can lead to rod and cone b-wave attenua-
tion177 and cause an abnormal VEP when there is optic 
neuropathy.

DEFEROXAMINE

Deferoxamine can produce subtle changes in b-wave sensitivity
when stimulus intensity is altered.152 It has been suggested that
it is the iron accumulation in the retina, rather than deferox-
amine per se, which underlies the rod dysfunction often found
in older thalassemic patients.101

ETHAMBUTOL

Ethambutol can induce an optic neuropathy, and the P.VEP is of
reduced amplitude and mildly increased latency. However, there
is often good visual and electrophysiological recovery when
treatment dosage is reduced or ceased.87,241

Vitamin Deficiency

VITAMIN B12 DEFICIENCY

Vitamin B12 deficiency can lead to patchy demyelination of the
visual pathway and spinal cord, particularly affecting the visual
papillomacular bundle and the spinal posterior columns.2 Abnor-
mally attenuated P.VEPs are found in patients with pernicious
anemia, subacute combined degeneration, and tobacco-alcohol
amblyopia. In all these conditions, partial improvement of vision
and P.VEPs can occur following treatment with vitamin B12.78

VITAMIN E DEFICIENCY

Vitamin E is a fat-soluble vitamin. Deficiency is associated with
spinocerebellar degeneration, neuromuscular weakness, oph-
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thalmoplegia, and pigmentary retinopathy. In cystic fibrosis and
abetalipoproteinemia, there is fat malabsorption in the gut that
leads to vitamin E deficiency. Flash ERG and VEP abnormalities
(attenuation and increases in latency of both flash and pattern
responses) have been reported in humans.120,180

Chiasmal Abnormalities
Chiasmal anomalies are optimally detected by VEP studies when
patterned left- and right half-field testing is carried out on each
eye.27,78 P.VEP half-field testing is difficult to perform in young
children because sustained fixation is not dependable. However,
it is possible to reliably detect an occipital asymmetry on monoc-
ular full-field testing that reverses in distribution when the other
eye is tested. As mentioned previously, this change in occipital
distribution is called crossed asymmetry and is an important
VEP indicator of a chiasmal defect.78 This form of VEP asymme-
try is of greatest significance when there is activity of opposite
polarity on either side of the occipital midline. The authors find
that VEPs are particularly valuable in pediatrics when demon-
strating chiasmal and posterior hemisphere abnormalities.
However, these authors disagree with others who assert that
P.VEPs are not useful in detecting hemisphere abnormalities.37

Binocular VEP testing is not helpful in identifying chiasmal
abnormalities, as there will be cancellation of activity recorded
at lateral electrodes due to an algebraic summation (Fig. 1-8).

Crossed asymmetry anomalies can be of two opposite occip-
ital distributions:

1. A negativity contralateral to the stimulated eye (as occurs
in albinism)

2. An ipsilateral negativity (as occurs in chiasmal compression
and achiasmia)

CHIASMAL GLIOMA

As indicated previously, optic nerve glioma can spread toward
the chiasm and affect visual fibers from the fellow eye. Gliomas
intrinsically located within the chiasm usually have a seriously
deleterious effect on the VEPs from both eyes.73,120

CRANIOPHARYNGIOMA

Craniopharyngioma commonly leads to visual pathway com-
pression at the chiasm. The authors have reviewed 75 children
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treated for craniopharyngioma and, in 87% of the patients, there
were preoperative ophthalmic signs such as optic atrophy,
papilledema, or strabismus.111 In 44% of these patients, both
flash and pattern VEPs were very attenuated and degraded or not
detectable at all. In 20% of patients, there was a P.VEP crossed
asymmetry, with poor temporal field responses from each eye.
Also, 10% had an uncrossed asymmetry (same occipital distri-
bution when stimulating each eye), indicating postchiasmal
compression affecting one hemisphere only. In 2%, the VEPs
from one eye only were markedly degraded and attenuated, indi-
cating optic nerve compression, and P.VEPs were within normal
limits in 24%. There was good agreement between the type of
field loss indicated by P.VEPs and Goldmann visual field studies,
except for a small minority of patients who had peripheral field
loss confined to the upper quadrants. In these patients, the
P.VEPs were deemed normal. Others have similarly emphasized
the value of P.VEPs in detecting and monitoring chiasmal 
compression caused by craniopharyngioma or pituitary
tumors.27,59,78,90
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FIGURE 1-8. Schematic representation of crossed asymmetry, which
characterizes chiasmal anomalies. The asymmetrical distribution over the
occiput reverses if the other eye is stimulated. In achiasmia (left), the
asymmetry is due to disproportionate activation of the ipsilateral hemi-
sphere to the stimulated eye; in albinism (right), too many fibers cross at
the chiasm and innervate the contralateral hemisphere.



ACHIASMIA

In achiasmia, the chiasm fails to develop normally and the
majority of fibers from one eye project to the ipsilateral hemi-
sphere. Apkarian et al.6 and Dell’Osso47 described two patients
with isolated achiasmia who showed a crossed asymmetry for
the first positive component (CI) of the pattern-onset VEP. The
authors have detected chiasmic hypoplasia in more than seven
young children using the flash VEP. Most had nystagmus, which
was either seesaw or pendular. The achiasmal abnormality was
often overlooked in MRI studies and, in most of the authors’
cases, was detected only after a rereview of images following
VEP reporting (Fig. 1-9).212

ALBINISM

The crossed asymmetry VEP distribution in albinism is oppo-
site to that of chiasmal compression or achiasmia. In infancy,

50 handbook of pediatric retinal disease

FIGURE 1-9. Achiasmia traces of crossed asymmetry from a patient with
chiasmal hypoplasia show how the responses (arrows) invert when the
eyes are compared (i.e., crossed asymmetry). The negative and posi-
tive peaks occur typically in the 70–120 ms time period after the flash
stimulation.



the “albino” crossed asymmetry is best shown by using flash
stimulation. In older children and adult albinos, the VEP abnor-
mality is most conspicuous when using pattern-onset stimula-
tion.5,44 Almost all albinos have nystagmus and foveal
hypoplasia, and it is best to use large check sizes for eliciting
P.VEPs. A small minority of albinos (8%–10%) may have near-
normal acuity and no nystagmus; however, they all show an
albino-like crossed asymmetry for pattern-onset and pattern
reversal stimulation.118 The authors have recently used half-field
stimulation to estimate the proportion of fibers crossing at the
chiasm using the VEP. It was found that this proportion can vary
widely between patients and does not correlate well with the
presence or absence of nystagmus or vision. Soong et al.202 com-
pared five methods of gauging transoccipital asymmetry and
commented on the interindividual variability in the methods;
asymmetry was not detected by some techniques and was
picked up by others. However, no patient with a confirmed
molecular diagnosis of albinism gave symmetrical responses for
all five paradigms. The variability, in part, can be related to optic
nerve hypoplasia that can be marked in albinism. Optic nerve
hypoplasia can be associated with very attenuated VEPs from
which it is difficult to make judgment about distribution.

There is some debate whether iCSNB is allellic with Aland
Island eye disease. Tremblay et al.217 have described an albino-
like crossed asymmetry in iCSNB, using a bipolar interhemi-
spheric electrode montage. The albino P-gene effects can 
also manifest as crossed asymmetry in Prader–Willi (PWS) and
Angelman’s syndrome (AS).43,214 These syndromes are associated
with the loss of imprinted gene expression from chromosome
15q11–q13; a loss from the paternal chromosome gives PWS and
from the maternal chromosome, AS. The OCA2 gene can be
involved in the common deletion site of these syndromes, and
patients manifesting albinism are thought to have a deleterious
mutation on their second P-gene allele as well.

Postchiasmal Dysfunction

GENERALIZED

In hypoxic, infective, ischemic, hydrocephalus, and most neuro-
degenerative conditions affecting the visual cortex, flash and
P.VEPs are usually attenuated and degraded, although they tend
to have normal, or near-normal, latencies. There are case reports
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of individuals who appear cortically blind yet have normal flash
VEPs.23,34 Other studies assessing a large number of young chil-
dren with acute-onset cortical blindness report preserved
F.VEPs, predicting a good recovery of vision regardless of etiol-
ogy.209 There is agreement that patients with persistent and
abnormally attenuated degraded F.VEPs were likely to remain
behaviorally blind.174,176,210

In spite of these findings, one must always be mindful of the
underlying condition. For example, a patient later diagnosed as
having maple syrup urine disease presented to the authors with
cortical visual impairment and absent flash VEPs. She responded
to treatment with oral thiamine, with vision recovering and the
white matter changes resolving on MRI. These findings were
mirrored by the recovery of P.VEPs.13 Conversely, the authors
have also recorded normal VEPs from an infant with apparent
delayed visual maturation; however, when behavioral vision had
not improved by 5 months of age, MRI studies were performed
and showed lissencephaly. VEPs indicate that visual information
reaches the visual cortex, but cannot yet provide information
about the child’s ability to integrate and interpret this visual
information.

PERINATAL HYPOXIA

Perinatal hypoxia often causes cerebral palsy with damage to
visual cortical areas.170 The F.VEP during the acute stage can give
an indication of the degree of visual function and eventual
outcome.209 In milder cases of cerebral palsy, P.VEPs are attenu-
ated and recordable to the larger (�100�) check sizes only. The
authors found that some severe cases of cerebral palsy with
rudimentary vision have a flash VEP with a consistent, but
unusual, morphology and distribution. There is an early pro-
nounced positivity at 80ms, with maximal amplitude 3 to 5cm
lateral to the midocciput. Shepherd et al.189 have described a
delayed N3 and absent positive P2 at term age as correlating
with adverse outcomes in premature infants.

HYDROCEPHALUS

A common electrodiagnostic picture associated with hydro-
cephalus is normal flash ERG and attenuated, degraded, and
delayed flash and pattern VEPs. Often, this picture is evident
before optic atrophy is seen on fundoscopy. VEP latency shows
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a close relationship with intracranial pressure (ICP) and paral-
lels improvements after shunting and deterioration with shunt
blockage.3

NEURODEGENERATIVE CONDITIONS

In Neuronal ceroid lipofuscinosis (Batten’s disease), in the late
infantile form, the flash VEP is reported to be unusually large,
but this appears to be an epileptic activity with a different dis-
tribution to a normal VEP.

Tay-Sachs disease (GM2 type 1) is an autosomal recessive
condition with defective hexosaminidase A causing GM2 gan-
glioside to build up in neurous. The mixed rod/cone flash ERG
is usually normal throughout the course of the disease, but the
F.VEP is poorly defined during early stages and not detectable in
the later stages. Leucodystrophies are characterized by de- or
dysmyelination. In AR metachromatic leucodystrophy and X-
linked adrenoleucodystrophy, the flash ERG is normal but the
VEP findings are somewhat variable. In some patients they are
normal, but in others they are poorly formed and delayed, or
even absent.

Pelizaus–Merzbacher disease is X-linked and associated
with poor central myelination. Patients have markedly delayed
VEPs.5,65

UNILATERAL OCCIPITAL HEMISPHERE DYSFUNCTION

This situation produces certain hallmark VEP features that
warrant emphasizing. In young children, P.VEPs usually show a
conspicuous occipital asymmetry when there is dysfunction of
one hemisphere associated with hemianopia. The authors have
described asymmetrical changes for both flash and P.VEP stim-
ulation in patients with space-occupying vascular lesions and
damage due to amniocentesis where clinical signs are not
obvious. VEPs provided initial evidence, which subsequently 
led to obtaining MRI or CT studies.97,125,166 The uncrossed VEP
asymmetry does not vary and is the same for monocular or
binocular stimulation. As mentioned previously, the P100 of 
the P.VEP and the main positivity of the flash VEP (also around
100ms) occur over the midline and over the dysfunctional 
hemisphere (paradoxical lateralization). A negativity with peak
latency of about 100ms is usually recorded over the opposite
hemisphere.
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COMBINED ERG/VEP IN INFANTS 
WITH NYSTAGMUS

Nystagmus in infancy is likely to be a sign of poor vision result-
ing from retinal, optic nerve, or chiasmal abnormalities or arising
from neurological disease involving the brainstem or cerebellum.
The majority of patients (up to 79% in one study) with congen-
ital nystagmus have retinal or optic nerve disease.40,134 Nystag-
mus is rarely seen in postchiasmal disorders even though vision
is very poor. Combined ERG/VEP recording helps greatly in
establishing a diagnosis. Patients with Leber’s amaurosis, achro-
matopsia, or X-linked CSNB will produce abnormal flash ERGs
with characteristic features; whereas patients with albinism (not
always easily recognized clinically), osteopetrosis, optic nerve
hypoplasia, glioma, and craniopharyngioma have normal ERGs
but abnormal monocular VEPs, indicating optic nerve and chi-
asmal postretinal visual pathway dysfunction. In infancy, all
these conditions may present with a normal or near-normal
fundus, and nystagmus is the only conspicuous clinical sign.124

If both flash ERGs and VEPs are normal, then the nystag-
mus is likely to be idiopathic or associated with brainstem or
cerebellar disease. Eye movement studies are useful in charac-
terizing the nystagmus waveform and, combined with electro-
physiological recording, can help in deciding which cases require
neuroimaging.88

THE VEP IN ACUITY TESTING 
AND AMBLYOPIA

Objective estimates of visual acuity can be inferred by noting
the smallest pattern size to consistently elicit a P.VEP when
refractive error is corrected (it is important to test after correc-
tion of any refractive errors).137,140 This method is particularly
useful in preverbal children or older children with expressive or
motor communication difficulties. Pattern-reversal, pattern
onset VEPs, and flashed patterns have all been used to give a
quantitative assessment of vision.7,48,137,140,160,161,200

Amblyopia
Behavioral measures of detection, resolution, and recognition
acuity measure different abilities. A strabismic amblyope may
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give a higher resolution acuity than recognition acuity second-
ary to spatial distortion. VEP acuity is also a different measure,
and it would be unrealistic to expect a direct relationship
between objective and behavioral acuity measures. Neverthe-
less, P.VEP findings do provide a good benchmark and are espe-
cially useful in highlighting interocular differences associated
with amblyopia. In particular, these findings include clinically
unrecognized indications of iatrogenic effects of patching on the
unaffected eye. The authors have noted irreversible and signifi-
cant VEP amplitude loss in the fellow (patched) eye of a 3-
month-old patient with unilateral congenital cataract (followed
up until 7 years of age).113 Conversely, patching 50% of waking
hours was stopped in a 3-month-old with a lid hemangioma
because the P.VEP from the fellow eye showed degradation and
attenuation. The P.VEP amplitude and definition showed clear
improvement in a recording done 3 months later.

Unilateral congenital cataracts are a particular challenge for
amblyopia occlusive therapy. Although the lensectomized eye
shows significant improvements in acuity, overall, the authors
find that the fellow (patched) eye shows smaller transient P.VEPs
and reduced LogMAR acuity compared with untreated unilat-
eral cataract patients and healthy controls.215

Transient P.VEP amplitudes demonstrate an inverted “U-
shaped” spatial tuning curve. The peak of the tuning curve is
broadly associated with the size of the stimulus field that, for
clinical work, is greater than 10°. For these field sizes, patterns
with element sizes of 10° to 20° arc give the largest P.VEPs from
5 to 6 years onward.229 In amblyopia, the P.VEP is slightly
increased in latency and relatively attenuated as check size
diminishes, losing the inverted U-shaped tuning curve. If the
amblyopia is very profound, such that large checks and flash
VEPs are affected, it is not possible to distinguish amblyopia
from other causes of postretinal dysfunction.

Wright et al. have reported on the use of chloral hydrate
sedation for obtaining pattern visual evoked potential in chil-
dren with amblyopia. Eye-to-eye comparison of P1 amplitudes
provided an indication of the presence of amblyopia and gross
quantification of the amblyopia. Chloral hydrate P.VEPs can be
used in infants whose diagnosis of amblyopia is equivocal, and
appropriate management is dependent on knowledge of visual
function. Decisions regarding surgery for partial cataracts and
corneal opacities that split the visual axis may be aided by infor-
mation obtained by the chloral hydrate pattern visual evoked
potential.236–238
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Amblyopia affects the broad spectrum of visual subsystems
that constitute vision, including contrast and color, motion, and
vernier discriminations. P.VEP studies show that the pursuit of
high-contrast acuity does not ensure optimum performance at
lower contrasts. Rather than relying on just one measure to
monitor amblyopia therapy (e.g., high-contrast recognition
acuity), it is likely that a battery of specific stimuli may provide
an enhanced profile of amblyopia against which the results of
occlusion can be better monitored.

Sweep VEPs
P.VEP amplitudes tend to fall off linearly with spatial frequency
near the limit of acuity.30,31 The extrapolation of the high spatial
frequency limb of the spatial tuning function to zero amplitude
(or the noise level) produces an intercept that correlates with
subjective visual resolution; this has been the basis of the sweep
VEP techniques. Transient pattern VEP recording can take 20
to 40s to obtain an average for one spatial frequency. When the
stimulation rate is speeded up, steady-state VEPs are recorded.
Sweep techniques can progressively and rapidly test (usually in
8–16s) a range of spatial frequencies (checks or gratings) to
determine a VEP threshold.174,220 Each spatial frequency is pre-
sented for a discrete interval (usually for 5–10s), and the change
in pattern size can be continuous or sampled.185 It is found that
the “optimal” temporal frequency giving the largest VEPs
increases with maturation;148 it is around 8 reversals/s in adults
and about 4 reversal/s in young infants less than 3 months of
age. There is some degree of intersubject and age-related vari-
ability in the spatial tuning function of the sweep VEP. It may
monotonically decrease with increasing spatial frequency or
may have two or three maximal peaks. A double peak is not
uncommon in older infants and adults.208,221 Pattern onset/offset
stimulation gives larger amplitude responses than P.VEPs to
equivalent pattern sizes and also has a simpler tuning function.
However, the phase change with spatial frequency (which is a
useful indicator of signal reliability with pattern reversal stim-
ulation) is not present for onset/offset stimulation. VEP contrast
sensitivity threshold to a reversing sinusoidal grating over a
range of spatial frequencies can also give an acuity esti-
mate.4,153,203 There is good correlation between subjective per-
ceptual judgments and P.VEP amplitude estimates of contrast
threshold (Fig. 1-10).4,30
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VEP Acuity Development
Transient P.VEP estimates of acuity indicate that adult levels are
reached between 6 to 10 months.48,137,200 Sweep VEP estimates
indicate acuities of about 4.5 cycles per degree (cpd; a cycle is
made up of one black and one white bar) in the first month of
life, increasing to the adult level of 20 cpd by 8 months of
age.4,154,155 During the first year of life, sweep VEP acuity is higher
and has a slower developmental course compared with transient
VEPs. Sweep VEP estimates exceed behavioral forced-choice
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FIGURE 1-10. Example of a monocular sweep acuity VEP from a 3-
month-old baby. A range of rapidly reversing, 16/s sine wave gratings
steadily decreased in size every second. Amplitude is plotted versus
spatial frequency, and regression analysis estimates the intersection or
acuity threshold. Confidence limits on the regression are shown by the
curved lines. The area of quiet phase highlighted distinguishes the
response from background noise. cpd, cycles per degree.



preferential looking (FCPL) acuity in the first year of life, but
they become similar after this.4,82,201,215

The differences between electrophysiological and behavioral
acuity assessments may be accounted for by stimulus differ-
ences (i.e., central field for VEPs versus smaller peripheral field
for FCPL) or by static stimulus versus changing stimulus involv-
ing motion for pattern reversal VEPs. There is good agreement
between interocular acuity estimates between the two methods.
Children with good optotype acuity tend to have higher sweep
acuity at lower temporal frequency, and those with poor opto-
type acuity tend to have better sweep acuity at higher temporal
rates.69 This difference reflects the contrast sensitivity function:
lower spatial frequencies are more visible when they move
whereas high spatial frequencies are best seen when static or
slow moving.

Hysterical (or Functional) Visual Loss
Hysterical visual loss is associated with normal flash and
pattern VEP findings. It is particularly important to carefully
monitor fixation performance (e.g., with closed-circuit TV) and
also not to use too small a check size (�15�), because voluntary
changes in accommodation by patients may lead to apparently
significant VEP changes affecting both amplitude and latency.
Larger check sizes are more resistant to such maneuvers by
patients.78

Suppression and the Pattern Visual 
Evoked Potential
Visual potential can be useful in investigating the mechanisms
of suppression associated with amblyopia and strabismus.239,240

Central suppression associated with monofixation syndrome
and anisometropic amblyopia has been shown to reduce and,
essentially, extinguish the P1 of the P.VEP. These results imply
that suppression inhibits neuronal activity at the level of the
visual cortex.239 P.VEP evidence of suppression has also been
identified in childhood-onset strabismus with suppression and
adults with acquired strabismus where diplopia was ignored.
Wright et al. demonstrated that patients with childhood-onset
and adult-onset “ignored” diplopia similarly showed essentially
no response when the nonpreferred eye was stimulated during
binocular viewing. The study suggests that adults with acquired
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strabismus who ignore the diplopic image actually have sup-
pression of cortical visual activity.240

FUTURE OF VISUAL ELECTROPHYSIOLOGY

Objective measures of function are invaluable to pediatric exam-
ination. Visual electrophysiology is objective and will be used in
the future for assessing the success of retinal gene therapies and
visual pathway rescue. Improvements in pediatric visual elec-
trophysiology practice will lie with techniques that minimize
patient contact; for example, using smart electrodes and ampli-
fiers that require no skin preparation for good signal-to-noise
ratios. Eventually, there may be remote detection of bioelectric
activity. Visual stimulation will be developed to mimic normal
visual space, yet allow the systematic manipulation of individ-
ual visual parameters and independent stimulation of each eye.
The functional significance and specificity of treatment will be
enhanced with topographic montages that directly and immedi-
ately relate to an individual’s brain image or retinal image.
Finally, the integration of these data with measures of higher
cortical function will become a very active area of study. It will
help to understand how our ability to interpret the processed
afferent visual information is assembled.
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The Pediatric Low-Vision
Patient

Anne Frances Walonker

The American Academy of Pediatrics states that 75% of
learning during the early years is processed through vision;

because vision is a learning sense, children with visual impair-
ment may not learn to perform many tasks as quickly as those
with normal vision. Children with subnormal vision often look
and act like any other child in the classroom and on the play-
ground making it difficult to distinguish them from normally
sighted children. Children with low vision may wear thick
glasses or even dark glasses, but they will run and jump as fear-
lessly as their playmates.

Never having known any other vision, these children are
often unaware that their vision is less than that of other chil-
dren, and the majority adapt quite well to their environment.
Only a few children with low vision need special schools or a
protected environment. The majority of these low-vision chil-
dren function much better in a standard school system with the
help of a resource teacher for some part of the school week. As
much as is possible, these children need to be mainstreamed.
They need to be expected to perform the same tasks and to
assume the same responsibilities as normally sighted children
of the same age.

INCIDENCE

According to the Centers for Disease Control (CDC), nearly 1 in
1000 children in the United States has some degree of low vision
or is legally blind.1 Not being able to see can alter how a child
understands and functions in the world. Impaired vision can
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affect a child’s emotional, neurological, and physical develop-
ment by potentially limiting the range of experiences and the
kinds of information to which a child is exposed.

CLINICAL FEATURES

Decreased vision in a child can be caused by many different
processes, each one requiring a different method of treatment:
either medical, surgical, or optical. If normal vision cannot be
restored, then the use of both optical and nonoptical aids to
enhance the remaining vision is necessary.

Whatever the cause of the decreased vision, early interven-
tion is of the utmost importance for the child to adapt to the
environment and to continue the learning processes without
interruption. The clinical features that could alert a parent to
signs of a visual problem in their child include, but are not
limited to, nystagmus, strabismus, random eye movements,
leukocoria, and corneal opacity.

CLINICAL ASSESSMENT

Clinical assessment of a child with a suspected visual impair-
ment always consists of a very detailed clinical evaluation by a
pediatric ophthalmologist, with ancillary testing such as elec-
trophysiology and ultrasonography when appropriate.

The measurement of visual function should be done with
targets appropriately sized for both the age of the child and the
level of vision suspected, moving the child closer to the testing
targets both for near and for distance. The visual requirements
for each child should also be assessed because the various ther-
apeutic modalities are age and task appropriate.

The importance of early diagnosis of the child’s visual 
disability cannot be overstated. The earlier the disability is 
diagnosed, the earlier treatment intervention can begin. Early
treatment may produce a better outcome by allowing a stepwise
approach to planning the use of aids, both visual and nonvisual,
for the short and long term. For those children with an inher-
ited process, early diagnosis makes it possible to provide expe-
dient and appropriate counseling for the families involved.
Innumerable low-vision aids of various types are available for
enhancing both distance and near vision. The type of device that
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is appropriate will change as the child becomes older and their
visual requirements change and increase. The low-vision devices
that are useful for children bear no relationship to those used by
most adults.

Because reading is the child’s access to learning, a visual 
aid that makes this task possible is one of the most important
devices for these children. The phakic school-age child has an
enormous range of accommodation. These children find that
reading can be a simple matter of bringing the print close enough
to their faces to magnify the image. A fixed-stand low-power
magnifier (Fig. 2-1) to enhance these images is probably the most
useful low-vision aid for these young children. When the mag-
nifier is placed directly on the page, its fixed focus keeps the
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print clear at all times and lets the child run the device along
the page. Even very young children learn to manipulate these
devices, and they have been found more useful than many of 
the more technically sophisticated and costly aids available
today.

The aphakic child has different needs. However, glasses or
contact lenses with reading additions and the same fixed-focus
stand magnifiers can be of great help to these children. The other
aid that is exciting to young children with decreased vision is a
monocular telescope (Fig. 2-2). It takes a little longer to master
this device, but, once the child learns to use it, it opens up a
whole new world. The small size of these telescopes makes
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them highly portable. A child can use this device anywhere and
can share it with normally sighted friends, thus erasing the
stigma associated with the use of a low-vision aid.

The social and academic success of a child with a visual dis-
ability depends largely on the expectations of the family and the
understanding of the teachers and the school administrators; the
focus should not be on the limitations that the visual disability
creates but on the heights that these children can achieve.
Teachers, classroom aides, and playground supervisors should be
encouraged to treat these children no differently than they treat
the others in the class. However, staff need to remain aware of
the children’s special needs and address these needs appropri-
ately. Where these children are seated in the classroom, the dis-
tance between them and the blackboard, the size of the letters
on the board, the color of the chalk used, and the angle of the
glare from the windows are all as important as any optical or
nonoptical visual aid being used.

Furnishing the family and the teachers with a detailed report
of the size of print that the child can see for both near and dis-
tance work is most helpful. When there are problems with con-
trast on homework assignments (some copies are so poor that
enlarging the print makes them impossible to read), a different
type of copy for these children is important. For some children,
a closed-circuit television (Fig. 2-3) facilitates reading when
increased magnification is required, as the magnifying glass of
increased power decreases the field of view. These devices are
expensive, but an older child will find them very useful. Most
schools with resource centers make them available, as do public
libraries.

With increased awareness of and attention to those things
that make schoolwork easier to handle, most children will adapt
well to their less-than-normal vision, which will do more for
their self-confidence than any expensive magnifier or compli-
cated reading machine can possibly do. However, as the child
becomes older and reading demands increase, these more sophis-
ticated instruments will become appropriate and should be
added to the armamentarium. Newer instruments include
closed-circuit television cameras that can be used with com-
puters and portable handheld devices that scan curved surfaces
and have large-print readouts on the handles. There are many
headborne devices, used for both distance and near reading, that
are appropriate for adults who need them to maintain a career.
These newer devices are not really necessary in the elementary
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and high school classroom, but they may be more useful 
to college students who sit in large classrooms and who may
find it necessary to copy notes from distant blackboards or
screens.

There are some points to remember when evaluating a child
for visual aids:

• Amblyopia can occur in the presence of another visual
abnormality and should be treated vigorously. The better the
vision, the less magnifying power needed.

• It is acceptable for moderate to high myopes to remove their
glasses for near work.

• The accommodative range will decrease as these children
get older, and a change in vision does not necessarily mean
a worsening of a previously stable condition.

• There is no limit to the amount of reading aid that can be
prescribed so long as this aid improves near vision.

• Only those visual aids that are needed for the currently per-
formed tasks should be prescribed. For the young child, this
will probably mean a stand magnifier for near tasks and a
telescope for distance tasks.
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RESOURCES

Bibliography from Pediatric Ophthalmology
Consumer Resources
Madelyn Hall
Good Samaritan Hospital and Medical Center
1040 N.W. 22nd Avenue
Portland, OR 97219

“Vision and Vision Impairment” (a bibliography of books for
children)

Pediatric Projects Incorporated
P.O. Box 1880
Santa Monica, CA 90406

“Selected readings for parents of preschool handicapped 
children”

National Library Service for the Blind and Physically 
Handicapped

Library of Congress
1291 Taylor Street NW
Washington DC 20542
1-800-424-8567

Additional Resources
National Association for the Visually Handicapped (NAVH)
305 East 24th Street
New York, NY 10010

American Foundation for the Blind
Customer Service Division
15 West 16th Street
New York, NY 10010

Reference
1. Centers for Disease Control. NECH Publ no 99-0444. National

Center for Environmental Health, Centers for Disease Control.
Washington, DC: 1999.
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Breaking the News: The
Role of the Physician

Nancy Chernus-Mansfield

Janet and Marc thought their life was as close to perfection as
any family’s life could be. Married for 8 years, they had one

daughter, Missy, age 5, and Brian, age 3 months, their long-
awaited son. At Brian’s 3-month routine well-baby checkup, the
pediatrician remarked that Brian might have strabismus because
his eyes appeared to turn in and weren’t “working together,” as
Janet later described it. The pediatrician was very reassuring,
however, and told Marc and Janet that he would like the baby
to be examined by a pediatric ophthalmologist “just to be on the
safe side.” Marc had recently started a new and more respon-
sible job so it was decided that Janet would take Brian for the
eye examination herself, to minimize the amount of time Marc
was away from the office.

Thursday, July 14, began like many others for Janet. She got
Missy off to kindergarten, kissed Marc goodbye, and packed up
for the day’s outing, an eye doctor’s appointment. Preparing a 3-
month-old to meet a new doctor was a challenge for Janet. She
wanted Brian not only to look his best but to be his most alert
and charming self.

When Janet arrived for the appointment, everything seemed
easy enough. She filled out the routine medical information 
and was brought into the examining room. The doctor came in,
introduced himself, and asked Janet some questions about
Brian’s development and about the pregnancy. As Brian was
being examined, Janet began to feel twinges of anxiety. Brian was
screaming. For the doctor to get a good look at his eyes, he
explained to Janet that he would have to put a speculum in
Brian’s eyes to keep them open and in position. Unprepared for
the papoose board they placed him on, or for the torturous-
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looking instrument the doctor used, Janet was becoming
extremely upset. Finally the examination was complete, or so
Janet thought. The doctor said he couldn’t give a diagnosis,
however, without some additional tests. Janet didn’t understand.
Why would crossed eyes require additional tests? The doctor
would not comment. He told Janet he wanted more information
and would arrange for her to go across the street to a facility that
could do the tests. Quickly, Janet called her neighbor to make
arrangements for Missy to be picked up from kindergarten.
Although she was feeling upset by the morning’s examination,
Janet thought it best not to call and alarm Marc because she
thought the doctor was probably just being thorough.

Janet took Brian across the street to the laboratory where
they did electrophysiological tests. Fortunately, Brian had fallen
asleep and the flashing lights and electrodes did not seem to
bother him. The person who did the tests did not give Janet any
information. He told her to return to her physician’s office.

When Janet entered the doctor’s office this time, she was
feeling very apprehensive. She was ushered into the doctor’s
office, instead of an examining room. After about 15 long
minutes, the doctor appeared. He sat down behind his desk, took
out Brian’s chart, and began to speak. From what Janet can
remember, he said something like this: “The test confirmed
what I have suspected. Your baby has a condition known as
Leber’s congenital amaurosis. This condition affects the optic
nerves and, from my experience, I believe he is totally blind.
There is no treatment. I am sorry. I wish you and your family
the best of luck.”

Janet can’t remember what happened after that. She has 
no memory of her drive home, of picking up Missy, or of calling
Marc. What she does remember is feeling that her life, Brian’s
life, Marc’s life, and Missy’s life were over. Nothing would ever
be the same again.

Thursdays were busy days for Jack Smith, M.D. He had
private patients in the morning and clinic patients all afternoon.
At 38, he had achieved his dream of becoming a successful 
pediatric ophthalmologist. He had always had an interest in 
ophthalmology but, after his pediatric rotation, he decided 
that pediatric ophthalmology was a truly exciting field. Jack felt
lucky that his wife of 12 years was always supportive of him and
that all three of his children, Jack Jr., 10, Jennifer, 8, and Jason,
6, seemed happy and were proud of their dad. He enjoyed the
challenge of his work in his private office as well as his research
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and teaching at the medical school. He had developed a partic-
ular interest in treating strabismus and had become the leading
specialist in his area.

After arriving at his office, Jack surveyed his schedule and
buzzed Karen, his “right arm,” to send in the first patient. As
he entered the examining room he saw Janet, an attractive 
thirtyish woman, gazing lovingly at her infant. Jack suspected
that the baby had strabismus. The call from the pediatrician 
was brief, and indicated nothing out of the ordinary. Jack intro-
duced himself and began the examination. Almost immediately
he could feel a knot beginning in his stomach as he noted the
presence of a nystagmus. By the time the baby was papoosed 
and the speculum was in place, he was really concerned. He
thought, “Maybe it won’t be as bad as I think it is; wait for 
the ERG.” He would feel his discomfort build as he told Janet
he wanted some additional tests. “No need to alarm her at 
this point,” he thought. So he sent Janet across the street and 
proceeded to see the many other children waiting for their 
examinations.

At 11:45 A.M., the call came from the electrophysiology lab.
Jack’s suspicions were confirmed: Leber’s—a totally blind baby.
In 45 minutes he would be face-to-face with Janet. This was the
only part of his practice he dreaded—giving bad news. What
should he tell her? He wished he knew. “Does anyone?” he won-
dered. “I will just give her the facts. There’s no way to sugarcoat
this,” he thought. Nothing had prepared him to break people’s
hearts.

Jack doesn’t remember the details of Janet’s reaction. He
knew, of course, that she was extremely upset. Primarily,
though, he felt overwhelming helplessness. None of his hard-
won expertise could fix this baby; no patching, no surgery, no
nothing. All Jack could do was hope that this family had the
strength to cope with the diagnosis. The thought came, “If it
was one of my kids, what would I do?” He dismissed that
thought quickly. It was too painful. “I’m getting morbid; proba-
bly most of the kids do great, and their parents can handle their
problems.” At least Jack wanted to think so. He loved being a
pediatric ophthalmologist because he could really help kids. It
was so satisfying to see a child who had amblyopia, for example,
and to know that with patching the child’s vision would be
assured. He didn’t really know that much about what happened
to the few blind children he had encountered. They seemed
okay, but, Jack thought, to be fully honest, they were the
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patients with whom he spent the least time. There was, after
all, nothing he could do for them.

Yet that day he couldn’t shake the feeling of discomfort as
he continued to see patients. His mind kept returning to Janet
and the pain on her face. What would life be like for her and for
her family? Janet seemed shocked when she heard the diagno-
sis, but she was very quiet. She hadn’t said very much or even
asked any questions other than, “Are you sure there is nothing
that can be done?” He had said “No.” Maybe, he thought in ret-
rospect, just saying “no” was too brusque. He hated to admit
there was nothing more he could do and that he was unable to
offer further hope. Maybe he should have said more. Is there
something else he could have done for her? He just didn’t know.

PARENTAL REACTIONS TO THE
DIAGNOSIS OF BLINDNESS

The impact of blindness on all family members is tremendous.
Before the birth of any baby, we all have dreams and expecta-
tions about what the future holds. Expecting a child is a special
time for most parents. Mothers and fathers love their baby long
before it is born. They love the baby because they project onto
their child all their dreams, fantasies, and expectations. For
many parents, their hopes are realized when a healthy child is
born. But for a moment try to imagine all these expectations 
and dreams destroyed by hearing the doctor say, “Your baby 
is blind.” Parents are devastated. They experience a blow that is
totally shattering. As Pearl Buck said when learning her daugh-
ter was mentally retarded, “All the joy of my life was gone.”

Author Renee Nastoff, the parent of a child with a disabil-
ity, eloquently described her pain when she wrote, “I fight the
unseen enemy. I have reason for revenge but nothing against
which to vent my outrage. My child is held hostage by a cruel
twist of fate. Only a parent can comprehend the frustration 
of fighting an attacker that can’t possibly be hurt. It is in the 
air all around me every moment of my life, overshadowing all
decisions about my child, crushing and destroying the simple
parental right to dream—about Little League, college, marriage,
grandchildren. I can feel the enemy now, its fingers tightening
at my throat, forcing what I thought were controlled tears.
Sometimes it loosens its painful clasp, but never does it desert
its hold on my life. I can’t kill this stranger, and I can’t break
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away. Yet it tries to force the very spirit of life from me. It will
remain with me forever.”

A parent experiences one of life’s most devastating losses
when a child is born with a disability. What the parent has lost
is the anticipated perfect child—that very-much-loved-and-
dreamed-of child to whom they have already become attached.
Surprisingly, the degree of the baby’s impairment is not always
the crucial factor in determining the parent’s reactions. The
most important determinant is the parent’s dreams for that
child. Loss is the hardest thing that we, as human beings, expe-
rience. It is not an uncommon event that affects only certain
people, nor is loss merely defined as death of a loved one. It actu-
ally touches each of us many times and in many ways in our
lifetime. Loss shatters the dreams that are the most basic to a
person’s existence. Major losses with which we are all familiar
include divorce, death, or illness. However, less profound losses
can include the loss of physical attractiveness, career recogni-
tion, money, etc. The significance of the loss varies for each
person and depends on how meaningful that particular loss is to
the individual’s identity. Loss is a common human experience
cutting across all socioeconomic lines. The loss of the expected
perfect baby is a major trauma in a family’s life. The kinds of
feelings that parents have in response to their child’s visual
impairment may be confusing to them. Feelings of shock, 
helplessness, fear, denial, depression, sadness, anger, guilt, dis-
appointment, and uncertainty are natural and occur with inten-
sity. Many parents have called this time a “mourning period”
because the feeling of sadness is so acute. As one mother said:
“I felt like my perfect baby had died and I had a different baby—
a blind one.” Another parent said, “I was so confused. What I
expected to be the happiest time of my life turned out to be the
saddest.”

Grieving is a normal and spontaneous reaction to loss, but
in our culture this normal reaction is often regarded as abnor-
mal. Society may view people who are grieving appropriately 
as though they are behaving inappropriately. Grieving is the
process that enables human beings to deal with loss. Yet parents
report that the expression of their grief often cuts them off from
the very support they need. As one father said, “I haven’t cried
since I was 12, but now whenever anyone asks about my son, I
start to cry. I know that I make people uncomfortable and they
often try to avoid me.” This father’s expression of his feelings is
a healthy response that will eventually enable him to cope with
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his grief. It is part of the process of detaching from the child he
wished for and forming an attachment to his actual child.

Another important and universal reaction parents express is
an overwhelming need to understand the reason for their child’s
impairment. Parents say:

“The question ‘why’ is always in the back of my mind. Am
I to blame?”

“When I was pregnant, I moved the furniture.”
“There were various medications I was taking for my

asthma. I often wonder, ‘Was the medicine the cause of my
baby’s handicap?’ ”

“When I was pregnant with John, I couldn’t quit work. We
had no insurance, and I sometimes think maybe I could have
taken it easier and should not have worried about the money.
When I’m alone I start blaming myself.”

It is natural for parents to look for reasons to explain their
child’s blindness. When a painful event occurs, it is human
nature to feel that perhaps we could bear the pain better if we
would understand why it happened, if we could make sense of
something so senseless. When people feel lost, they want a road
map, and answers seem to provide the needed map. For some
people, medical explanations are helpful; for others, religious
beliefs provide comfort; but for the vast majority of parents,
there are no satisfying answers that relieve the pain or diminish
the feeling that “life is not fair.” Most of us have a deep sense
of justice and fairness, and it is terribly hard to think that some-
thing this tragic can happen without a reason. Some fortunate
families who are religious believe that, although they don’t
understand why, God has a purpose and this helps them cope
with their child’s disability. Many parents never find a reason-
able explanation. People find it hard to think that a catastrophic
disability happens randomly or that the world could be so
chaotic that who or what a person is, or does, is of no conse-
quence. Most of us grow up believing that justice prevails, that
bad things happen to bad people and good things happen to good
people. Reconciling this view with one’s own life is very diffi-
cult for all of us. A physician once said, in helping a family deal
with this issue: “Often people think that, because they took
drugs in high school or had a teenage abortion, they may be
responsible for the child’s disability. I reassure my patients that
all of us can find fault with ourselves in reviewing our lives.
However, I tell parents that their previous behaviors have
nothing to do with their child’s disability. It is simply a random
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event, and they were unlucky. I find that my patients are very
relieved when I reassure them about these issues.”

Most parents do begin to cope quickly and in tandem with
grieving. Although parents love their disabled child and make
the necessary adjustments, their lives are never the same. The
pain comes and goes forever.

BREAKING THE NEWS: THE ROLE 
OF THE PHYSICIAN

Physicians are often unaware the their role has a direct effect on
the family’s adaptation process. The way the physician presents
the diagnosis to the family is crucial. For the rest of their lives,
parents will remember not just what they were told, but the way
in which it was communicated by the physician.

The following ingredients are necessary in a successful
doctor–patient or doctor–parent interaction: consideration,
truth, clarity, awareness, compassion, trust, accessibility, and
professional kindness.

Consideration
Always sit down when talking to a family. Sit down in a private
place, with no spectators. Do not appear rushed, even though
you may have a waiting room full of patients. Look directly at
the parents, make eye contact, and do not write or dictate into
a recorder as you are talking. Try not to be interrupted when
giving bad news; the family needs your undivided attention.
During the diagnostic process, don’t think out loud. This causes
unnecessary anxiety. Don’t talk with other medical personnel in
front of the family; this can be accomplished before or after you
have finished explaining the diagnosis. Above all, treat people
as you would like to be treated in a like situation.

Truth
It is understandably difficult for the physician to give bad 
news. It is best to be direct, but not blunt. As one physician said,
“There are many ways to say the same thing: truth doesn’t mean
brutality. Your face can stop a clock—when I’m with you, time
stands still.” Although both statements convey the same cogni-
tive information, the emotional impact is significantly different.
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Clarity
Give information using plain language. When parents are
anxious, it interferes with understanding. Often physicians use
medical jargon to protect themselves in this time of stress.
Physicians must give the information clearly and directly. Some-
times in their discomfort, doctors unconsciously resort to exces-
sive discussion or speculation about the disease or use too much
intellectual discourse. This is not helpful to the family.

Awareness
Be aware of how the family is feeling. Acknowledge your own
feelings as well. Recognize how you feel as a doctor giving a diag-
nosis for which there is no cure. Remember that the family is
frightened and in more pain than you are and think about how
the news is affecting them. Often physicians talk about disease
or body parts to depersonalize the information and to deperson-
alize the enormity of the task of giving a difficult diagnosis.

Compassion
Allow yourself to feel compassion for your patient, for their
parents, and for yourself. Compassion will not distort the profes-
sional relationship. Rather, your concern and discomfort about
the diagnosis can be helpful to a family. Even if you are ill at ease
or uncomfortable, the human connection your feelings can create
may help the family to cope. Your expression, body language, and
tone of voice are important. Your words will be etched forever in
the memory of the family.

Trust
Parents must trust you not only as a physician who is medically
competent, but as someone that they can count on to help them
in this critical period. They must trust you to be honest at all
times. Parents must also be able to trust that you recognize their
pain and sorrow and will not abandon them.

Accessibility
Because of the emotional impact of the diagnosis, parents need
to be able to talk with you more than once. Often it is helpful
to leave the room for a period of time after the initial diagnosis
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has been delivered. Anxiety often blocks the ability to absorb
information, and the family may need to have the diagnosis
explained more than once. This response is normal and has
nothing to do with their intelligence. Allow them some private
time and then return 10 to 15 minutes later to review the infor-
mation. Let the family know that you are available if they would
like to schedule another appointment to talk about the diagno-
sis again or to answer any questions.

Professional Kindness
Professional kindness is the key to giving bad news. It encom-
passes all the ingredients previously discussed. It enables 
physicians to communicate with their patients in a helpful and
meaningful way. It helps parents to come to terms with the diag-
nosis. Professional kindness is a tool, a means of helping people in
a kind and humane way. Professional kindness lets parents know
you care and are concerned about their welfare and the welfare of
their child. Professional kindness will not tax the personal
resources of a physician. Rather, it provides a concrete set of behav-
iors that can be relied upon even in the most serious situation.

SUMMARY

• Professional kindness works. Parents, and physicians them-
selves benefit.

• Treating families with professional kindness affects those
families for the rest of their lives. Families who experience
the lack of kindness are negatively affected forever, whereas
those who experienced their doctor’s concern feel cared
about, which strengthens their ability to cope.

• Points to remember:
a. Sit down.
b. Make eye contact.
c. Say you are sorry to have to give bad news.
d. Give the diagnosis in a private setting.
e. Explain the diagnosis simply and clearly.
f. Do not take calls or allow interruptions while telling the

news.
g. Allow the parents to cry or to express shock, grief, anger,

or any other emotion they feel.
h. If you are too busy to spend sufficient time, arrange for

another appointment so that parents can have adequate
time to ask questions.
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i. Do not try to ameliorate grief by saying such things as
“It could be worse.”

j. Try to give appropriate referrals. It helps both the family
and the physician to be able to do something.

k. If possible, do not request payment from a family in
shock. A staff member can contact the family at a later
date.

l. Teach your staff about all these points. Insist on profes-
sional kindness in your office.

Acknowledgment. I thank Marilyn Horn, L.C.S.W., for all her
hard work with the original subject matter.

APPENDIX

Parents need referrals. Contacting resources is something con-
crete parents can do for their child, and for many individuals,
taking action also relieves anxiety. Resources are different in
each state. We have prepared a list that gives you a place to start.
Parents can use this list to find out what other resources may
exist in their community.

Cancer
American Cancer Society
46 First St. NE
Atlanta, GA 30308
800/ACS-2345
404/320-3333

Candlelighters Childhood Cancer Foundation
1312 18th St. NW, Suite 300
Washington, DC 20036
800/366-2223
202/659-5136
(See also Visual Impairments for Retinoblastoma resources)

Cerebral Palsy
Canadian Cerebral Palsy Association
800 Wellington St., Suite 612
Ottawa, Ontario
Canada K1R 6K7
800/267-6572 (in Canada)
613/235-2144
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United Cerebral Palsy Association
7 Penn Plaza, Suite 804
New York, NY 10001
800/USA-1UCP
212/268-6655

CHARGE Syndrome
CHARGE Accounts
c/o Quota Club
2004 Parkade Blvd.
Columbia, MO 65202
314/442-7604

Chronic Illness
N.O.R.D.
National Organization for Rare Disorders
P.O. Box 8923
New Fairfield, CT 06812
http://www.rarediseases.org

Magic Foundation
(Optic Nerve Hypoplasia)
1327 N. Harlem Ave.
Oak Park, IL 60302
709/383-0808
http://www.magicfoundation.org

Parents of Chronically Ill Children
1527 Maryland St.
Springfield, IL 62702
217/522-6810

Deaf/Blind
John Tracy Clinic
806 West Adams Blvd
Los Angeles, CA 90007
800/522-4582

Hydrocephalus
Hydrocephalus Association
2040 Polk St., Box 342
San Francisco, CA 94109
415/776-4713
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Hydrocephalus Support Group
c/o Kathy McGowan
6059 Mission Rd., #106
San Diego, CA 92108
619/282-1070

National Hydrocephalus Foundation
22427 S. River Rd.
Joliet, IL 60436
815/467-6548

Lawrence Moon Bardet Biedl Syndrome
Lawrence Moon Bardet Biedl Syndrome Network
18 Strawberry Hill
Windsor, CT 06095
203/688-7880

Marfan Syndrome
National Marfan Foundation
382 Main St.
Port Washington, NY 10050
516/883-8712

Mental Retardation
Association for Retarded Citizens of the U.S.
500 E. Border St., Suite 300
Arlington, TX 76010
817/261-6003

Neurofibromatosis
National Neurofibromatosis Foundation
141 Fifth Ave., Suite 7-S
New York, NY 10010
800/323-7938
212/460-8980

Visual Impairments
American Foundation for the Blind
15 West 16th St.
New York, NY 10011
800/AF-BLIND (232-5463)
212/620-2043
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American Printing House for the Blind
1839 Frankfort Ave.
P.O. Box 6085
Louisville, KY 40206-0085
502/895-2405

Association for Macular Diseases
210 East 64th St.
New York, NY 10021
212/655-3007

The Institute for Families of Blind Children
P.O. Box 54700
Mailstop #111
Los Angeles, CA 90054-0700
323/669-4649

National Association for the Visually Impaired
P.O. Box 317
Watertown, MA 02272-0317
800/562-6265
Fax: 617/972-7444
(Some areas have a state organization as well; NAPVI can direct

the parent)

National Organization for Albinism and Hypopigmentation
(NOAH)

155 Locust St., Suite 1816
Philadelphia, PA 19102
800/473-2310
215/545-2322

Parents and Cataract Kids (PACK)
c/o Geraldine Miller
P.O. Box 73
Southeastern, PA 19399
215/352-0719

Retinoblastoma International
4650 Sunset Blvd., M.S. 88
Los Angeles, CA 90027
323/669-2299
www.retinoblastoma.net

New England Retinoblastoma Support Group
603 Fourth Range Road
Pembroke, NH 03275
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General Resources
The Family Resource Coalition
230 N. Michigan Avenue
Suite 1625, Dept. W
Chicago, IL 60601
(Identification of parent support groups all over the country)

Reaching Out: A Directory of National Organizations Related to
Maternal and Child Health

38th and R Streets, NW
Washington, DC 20057
202/625-8400

Team of Advocates for Special Kids
100 W. Cerritos Ave.
Anaheim, CA 92805
714/533-8275

Other National Toll-Free Numbers:
American Council of the Blind 800/424-8666
Better Hearing Institute 800/424-8576
Epilepsy Information Line 800/332-1000
Cystic Fibrosis Foundation 800/344-4823
Downs Syndrome 800/221-4602
Easter Seal Society 800/221-6827
Health Information Clearinghouse 800/336-4797
Spina Bifida 800/621-3141
Fragile X Foundation 800/835-2246
American Kidney Fund 800/835-8018
National Information Center for Orphan Drugs and Rare Disease

800/336-4797
Sickle Cell Association 800/421-8453
Retinitis Pigmentosa (RP) Association International 800/

344-4877
Local School Districts or State Departments of Special 

Education

Search on the Internet for most current information.
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Heritable Disorders of 
RPE, Bruch’s Membrane,
and the Choriocapillaris

Arlene V. Drack

This chapter covers disorders characterized by ophthalmo-
scopically visible changes in structures deep to the neu-

rosensory retina. A prominent component of many of these
conditions is the accumulation of yellowish material within and
beneath the retinal pigment epithelium (RPE) associated with a
progressive loss of macular RPE cells. A number of toxic and
inflammatory conditions can also cause dots and spots at the
level of the RPE, but these conditions can usually be distin-
guished by history from those in this chapter and are considered
elsewhere in this volume (Chapter 11). Choroideremia, gyrate
atrophy, and some forms of congenital stationary night 
blindness are also associated with ophthalmoscopically visible
abnormalities in structures beneath the photoreceptors.
However, these diseases share some psychophysical, electro-
physiological, and symptomatic features with the photoreceptor
degenerations and are discussed in Chapter 5. Last, myopia
(Chapter 12) can be associated with several abnormalities at the
level of the RPE that can be ophthalmoscopically similar to the
entities discussed in this chapter.

The disorders discussed here are a source of distress for
many ophthalmologists for a variety of reasons. Some of the con-
ditions can cause legal blindness at a relatively young age while
others usually have a very benign clinical course. Despite the
descriptive nature of many of their names (e.g., butterfly dys-
trophy), it is often quite difficult to distinguish between them
in individual patients using ophthalmoscopy alone. Several 
different terms have been used to describe each disorder in the
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literature, and there seem to be more different classification
schemes than diseases themselves.

These difficulties notwithstanding, some of these entities
are common enough that they are encountered from time to
time in most general and pediatric ophthalmology practices and,
so long as the ophthalmologist can provide a discussion of prog-
nosis and risk of recurrence to the affected patient and their
family, then the exact name attached to the condition is of little
importance.

The main goal of this chapter is to provide the general or
pediatric ophthalmologist with a practical approach to patients
with these disorders that will allow most cases to be correctly
diagnosed with a minimum of laboratory investigation and which
allow the most serious errors in diagnosis and genetic coun-
seling to be avoided. A secondary goal is to give the reader an
appreciation of the history and genetic complexity of these dis-
eases and their potential importance to our understanding of
normal and pathological macular physiology.

HISTORICAL ORIGIN OF AN
OPHTHALMOSCOPICALLY BASED
NOMENCLATURE

Some of the diseases discussed in this chapter were recognized
shortly after the introduction of the direct ophthalmoscope and
were initially thought to be inflammatory. The familial nature
of these conditions was clarified in the first decades of the 
twentieth century. Despite the variable expressivity of many of
these disorders, the near-total reliance on the ophthalmoscope
for diagnosis resulted in the evolution of a descriptive nomen-
clature that persists to the present day.

A tacit assumption in any system that classifies diseases on
the basis of their ophthalmoscopic appearance is that lesions
that look alike are similar in other ways; that is, for such a
system to be clinically useful, a lesion’s appearance should have
some relationship to its clinical behavior. This notion is often
extended to include an expectation that similar-appearing dis-
eases have similar pathophysiological mechanisms and even
similar responses to therapy.

Unfortunately, such assumptions are frequently not valid
and can cloud one’s thinking; this is especially true for the 
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dystrophies discussed in this chapter as well as the heritable
photoreceptor degenerations discussed in the next.

INEQUALITY BETWEEN
OPHTHALMOSCOPIC APPEARANCE AND
BIOCHEMICAL ABNORMALITY

The mechanical analogy depicted in Figure 4-1 is useful for
understanding why ophthalmoscopically similar diseases can
behave very differently. At the level of ophthalmoscopy, the
retina is a “black box” whose individual molecular components
cannot be visualized. Only the end result of the function or dys-
function of the parts can be seen, depicted in Figure 4-1 as a pair
of clock hands that move as a result of the movement of the
other parts. Note that an electrical generator is also connected
at one point in the power train such that additional diagnostic
information can be obtained by sampling the output of the 
generator.

In this system, loss of gears “a,” “b,” “c,” “d,” “e,” or “f”
would result in an identical result: lack of movement of the
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FIGURE 4-1. Mechanical analogy of inherited eye disease. The clock face
on the right-hand side of the machine represents the function of the retina
(or retinal pigment epithelium) as visualized by ophthalmoscopy. The
meter at the top of the machine represents a detectable voltage produced
by the generator connected to gear h. The various gears inside the
machine correspond to specific components, all of which must be normal
if the clock hands and the electric generator are to function normally.



hands. Measurement of the voltage produced by the generator
could distinguish between lesions proximal and distal to gear
“c” but not between lesions in each group. An enlargement of
gear “a” would make the hands move faster, and a reduction in
size would make the hands move more slowly. Thus, lesions
affecting the same part can look different to the observer while
lesions affecting different parts can look the same. A nomen-
clature based upon clock movement would not correctly group
the disorders according to the components actually affected.

In human beings, the situation is further complicated by the
diploid nature of the genetic material. That is, there are poten-
tially two different blueprints (genes) for each component—one
inherited from each parent. Consider the situation in which each
parent carries one inactive gene for “gear a.” Both parents are
phenotypically normal because their normal gene for “gear a” is
capable of directing the manufacture of a sufficient quantity of
that gear that all their machines still work normally. In contrast,
if one of their children inherits both defective genes, the child
is not able to make “gear a” at all and none of his machines
work, which is the situation for disorders with a recessive 
inheritance pattern.

If a parent has a gene for an enlarged “gear a,” some of the
machines in that parent will have rapidly moving clocks that
might be detectable clinically. Any child who inherits the gene
for the enlarged gear would have a similar phenotype, the 
situation for dominantly inherited conditions. Note that this
example illustrates that different defects in the same gene can
cause phenotypes with different inheritance patterns.

Suppose a fraction of the population have genes that result
in clock hands that are more fragile than the rest and that this
fragility causes no problems so long as the rate of clock move-
ment is normal. If a child with fragile clock hands inherits a
large “gear a” from a parent, the outcome might be more severe
than if his sibling with strong clock hands inherited it. Thus,
the presence of other genes (the genetic background) can alter
the effect of a disease-causing gene.

The ideal nomenclature for referring to defects in the
machine depicted in Figure 4-1 would precisely describe each
defect; for example, “gear ‘a’ missing” or “gear ‘a’ has 32 teeth
with 50% fragile clock hands.” Molecular biology is making
such a component-based nomenclature a reality for ophthalmic
diseases. As discussed more fully in the next chapter (Chapter
5), some retinal diseases can now be diagnosed by identifying
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the precise genetic defect to the level of a single nucleotide,
allowing patients with identical defects to be grouped for study
even if they are seen by different investigators in different
centers. Thus, within the past few years we have been able to
ascertain whether such similar disorders as Stickler syndrome
and Wagner syndrome are really the same genetic and bio-
chemical disorder.

The advent of molecular biology holds great promise not
only for the diagnosis and classification of heritable diseases but
also for understanding the pathophysiology well enough to
design effective therapy. To return to the mechanical analogy,
one would be hard pressed to design an effective therapy
knowing only that the clock hands did not move. Even worse,
if the patient population consisted of patients with all possible
gear abnormalities, one might statistically overlook the benefi-
cial effect of replacing “gear a” in patients lacking that part
because this treatment would have no benefit in the phenotyp-
ically identical patients with defects in other components.

After extolling the virtues of molecular biology, it is impor-
tant to add that this new technology in no way lessens the 
importance of skillful clinical ophthalmology. On the contrary,
for a molecular biologist to find a disease-causing gene, clinicians
must first identify families affected with the disease and cor-
rectly diagnose various family members. Moreover, as different
mutations are identified in patients with inherited diseases, it
will be the correlation of a clinical phenotype with each muta-
tion that will give molecular diagnosis real prognostic power.
Last, even though the clinician may be aided by the availability
of molecular diagnosis, he or she still must interpret the meaning
of such tests for patients and their families.

GENERAL APPROACH TO PATIENTS 
WITH BILATERAL LESIONS OF THE
POSTERIOR POLE

Table 4-1 gives a differential diagnosis of flecks, drusen, vitelli-
form lesions, atrophy, and pigment disruption affecting the 
posterior pole. There are several general questions that apply to
patients who have such lesions which should be addressed
before the individual disease entities are considered.

When a lesion of the posterior pole is discovered either inci-
dentally or because the patient has visual complaints, a few bits
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of historical data coupled with some features of the clinical
examination can rule out a large number of entities from the dif-
ferential diagnosis. First, are the lesions bilaterally symmetrical?
Most heritable dystrophies affecting the posterior pole are quite
symmetrical. Of course, one eye may have already progressed to
a more atrophic stage than the other eye and thus the lesions
might appear ophthalmoscopically different, but it is unusual for
one macula to be totally normal while the other macula has an
easily observable lesion. Unilateral lesions should lead one to
seriously consider other diagnoses such as choroidal heman-
giomas or nevi or the sequelae of trauma or inflammation. The
next information to gather is a family history. One should ask
whether any relatives have poor vision even with glasses, whether
anyone has been unable to obtain or keep a driver’s license, or if
any have been diagnosed with “macular degeneration.” The latter
diagnosis is often given to patients with familial disorders of the
posterior pole who manage to reach their fifth decade before
coming to ophthalmologic attention. If any relatives have accom-
panied the patient to the clinic, it is wise to try to examine them
as well. It is not uncommon to discover macular lesions similar
to those in the patient in an asymptomatic relative.

One should ask whether the patient has any difficulty seeing
with dim illumination. Good questions to assess a patient’s 
scotopic visual function include whether the patient has un-
usual difficulty finding his seat in a movie theater and whether
they can see individual stars on a clear night. Strongly positive
answers to these questions should suggest one of the photore-
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TABLE 4-1. Differential Diagnosis of Flecks, Drusen, Vitelliform
Lesions, Atrophy, and Pigment Disruption in the Posterior Pole.
1. Stargardt’s disease
2. Best’s vitelliform dystrophy
3. The pattern dystrophies
4. Drusen
5. North Carolina macular dystrophy
6. Sorsby’s macular dystrophy
7. Fenestrated sheen macular dystrophy
8. Crystalline macular dystrophy
9. Congenital stationary night blindness (see Chapter 5)

10. Inflammatory lesions of the retina and retinal pigment epithelium (see
Chapter 11)

11. Toxic retinopathies (see Chapter 11)
12. Myopia (see Chapter 12)
13. Systemic diseases (see Chapter 13)
14. Cone dystrophies (see Chapter 5)



ceptor disorders discussed in Chapter 5. One should also ask
whether the patient has any other medical problems and in 
particular any unusual skin lesions, kidney problems, liver 
problems, or hearing difficulties. Strongly positive answers to
these questions might suggest one of the systemic disorders
associated with maculopathy such as Sjogren–Larsson syn-
drome, Alagille’s syndrome, or Alport’s syndrome (see Chapter
13). Last, it is important to ask the patient about exposure to
medications. The most important of these are neuroleptics,
medications for arthritis (especially chloroquine), oral tanning
compounds, cancer drugs (tamoxifen), desferoxamine, and illicit
intravenous drugs that might have been diluted with talc.

As with any complaint, one should determine the onset of
the symptoms and whether it was associated with any other
illness. For example, a sudden onset of visual dysfunction asso-
ciated with a viral illness might suggest one of the inflamma-
tory lesions discussed in Chapter 11. It is important to correctly
identify toxic and inflammatory diseases for two reasons. First,
one should not raise the specter of an inherited disease while
considering an inflammatory or toxic etiology; and, if a toxic
source can be identified, decreased exposure to the toxin may
result in a stabilization or even improvement in vision.

If, after these questions, there is no history of systemic
disease or drug exposure, no history of difficulty with night
vision, and the time course is inconsistent with an inflamma-
tory disease, there is a great likelihood that the patient is
affected with a disorder falling in the first eight categories of
Table 4-1. The specific diagnosis can usually be made with a
combination of three procedures: (1) examination of other family
members, (2) electro-oculography and/or electroretinography, and
(3) fluorescein angiography. If there is any history of difficulty
with night vision the situation can be further clarified by the
addition of dark adaptometry and electroretinography (discussed
further in Chapter 5). It is important to keep in mind that these
disorders are heritable and that the patient may be more 
concerned with the chance of transmitting the disorder to future
generations than with their own visual prognosis. Because the
explanation of patterns of inheritance and risk of recurrence can
be difficult for a patient to fully understand on a single visit, it
is a good idea to send a follow-up letter to the patient stating
one’s opinion of the diagnosis and the recurrence risk. The
patient will find such a letter very helpful when explaining the
condition to other family members or other physicians involved
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in their care. Fortunately, the most common diseases in this
group (drusen, the pattern dystrophies, and Best’s disease) have a
fairly good prognosis for good central vision into the sixth decade.
As discussed more fully here, Stargardt’s disease has the poorest
prognosis for central vision but is usually inherited in an auto-
somal recessive fashion. Thus, a patient with Stargardt’s disease
usually has a very small risk of having an affected child.

Last, it should be mentioned that although the pathophysi-
ological processes that result in visual loss in these diseases
cannot at the present time be arrested or reversed, it is certainly
not true that these diseases are untreatable. At the very least,
patients can use an Amsler grid to help detect sudden changes
in vision that could herald a treatable choroidal neovascular
membrane. There is some evidence that certain patients with
retinal degenerations may benefit from vitamin supplementa-
tion and reduction in ultraviolet light exposure. In addition,
patients can be referred to a low vision specialist when appro-
priate to maintain their visual function at its highest possible
level. Children with 20/100 or 20/200 vision can often do very
well in regular schools, especially if the ophthalmologist takes
the time to communicate with a child’s teacher about the child’s
abilities and limitations.

STARGARDT’S DISEASE

Stargardt’s disease is a familial maculopathy that was first
described in 1909.67 It is a rare condition that most general 
ophthalmologists will encounter only a few times during their
career. The natural history of the disease is a progressive loss of
central vision, usually to the level of legal blindness. A natural
history study by Fishman and coworkers22 showed that once a
patient’s visual acuity falls to 20/40, progression to the 20/200
level usually occurs within about 5 years. It is important to
realize that such information is a population average because
Stargardt’s disease can behave quite differently in different 
families and among different individuals within the same family.
At one extreme, a patient may present within the first decade
of life complaining of decreased visual acuity. Ophthalmoscopic
evaluation may reveal no discernible abnormality, and many
such patients are initially thought to be malingerers. The pre-
senting visual acuity may be as poor as 20/60 or 20/80 without
overt ophthalmoscopic abnormalities (Figs. 4-2, 4-3). In many
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FIGURE 4-2. Early Stargardt’s disease with subtle maculopathy. Color
photograph reveals subtle yellow deposits at the level of the retinal
pigment epithelium. The visual acuity in this eye is 20/80.

FIGURE 4-3. Fluorescein angiogram from patient shown in Figure 4-2
shows the retinal vasculature to be brightly fluorescent against the back-
ground of a dark choroid. This patient illustrates the value of a fluores-
cein angiogram for making the diagnosis of Stargardt’s disease in its early
stages.
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cases, yellowish “pisciform” flecks and dots eventually appear
in the macula and near the periphery (Fig. 4-4). Patches of 
geographic atrophy may develop and coalesce to form a “beaten
bronze” appearance in the macula, which may occur in the
absence of flecks in some cases (Figs. 4-5, 4-6). Patients with an
early-onset variety of Stargardt’s disease can have a visual acuity
of 20/200 at the beginning of their second decade. At the other
extreme, some patients present with an ophthalmoscopic
appearance consistent with Stargardt’s disease in mid- or late
adult life. These patients often have near-normal visual acuity
when first seen even though the macular abnormality is easily
visible. These patients may retain good vision for many years
but it seems that, even in these late-onset cases, once the visual
acuity drops to 20/40 or so a more precipitous visual loss will
occur within the next 5 years.22 Some patients have only periph-
eral flecks, with little macular involvement. This pattern has
been termed fundus flavimaculatus and has been considered by
some authors to be a distinct disease. However, pedigrees have
been described in which some patients have a fundus flavimac-
ulatus appearance whereas other family members have a pro-
nounced maculopathy.1 Thus, at least in some families, the two

FIGURE 4-4. Stargardt’s disease with atrophic maculopathy and flecks.
The visual acuity in this eye is 20/500. The peripheral flecks have often
been described as “pisciform” because of their resemblance to a fish tail.
The individual elements of the yellowish deposits meet one another at
acute angles. The maculopathy in this patient is atrophic without the
“beaten metal” appearance seen in some patients.
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FIGURE 4-5. Stargardt’s maculopathy without flecks. Note the “beaten
metal” appearance of the macula without noticeable peripheral flecks.
The visual acuity in this left eye is 20/100.

FIGURE 4-6. Fluorescein angiogram of the right eye of the patient shown
in Figure 4-5. Filling of the choriocapillaris is normal in this midvenous
phase angiogram. The area of the maculopathy is hyperfluorescent,
reflecting the loss of retinal pigment epithelial cells in this zone. This
patient illustrates that the absence of a “masked choroid” does not rule
out the diagnosis of Stargardt’s disease.



patterns are simply different clinical manifestations of the same
heritable disorder.

It is important to recognize that Stargardt’s disease can affect
fairly young children or adults. Figure 4-7 is a cumulative age
distribution of a series of Stargardt’s patients reported by
Aaberg,1 which shows that a sizeable proportion of patients are
first diagnosed in each of the first three decades of life. It is inter-
esting that one patient included in this series was first diagnosed
at age 71, which illustrates the potential overlap between the
heritable dystrophies and “age-related” macular disease.

The most common presenting symptom in Stargardt’s
disease is decreased central vision. In those cases in which the
macular lesions are subtle, it is important to remember that the
juvenile form of ceroid lipofuscinosis can also present in a similar
fashion. Thus, some questions should be asked about other 
neurological functions when this presentation is encountered.

There are no known systemic manifestations of Stargardt’s
disease. The condition is usually inherited in an autosomal
recessive fashion, although autosomal dominant pedigrees cer-
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FIGURE 4-7. Cumulative distribution of the age at first diagnosis for a
series of Stargardt’s disease patients reported by Aaberg.1 Age in years is
given on the X axis; percentage of patients diagnosed at or before that age
is given on the Y axis. Approximately one-third of the patients came to
attention in each of the first two decades of life whereas the remaining
third were diagnosed later. The oldest patient in this series was first 
diagnosed at age 71.



tainly do exist.12,21,40 The autosomal dominant disease can be as
severe as early-onset recessive Stargardt’s or a mild condition
that is difficult to distinguish from the pattern dystrophies.

As with Best’s disease, the pathophysiology of Stargardt’s
disease is poorly understood. Several pathological studies have
demonstrated lipofuscin accumulation within the retinal
pigment epithelium. Mutations in the retina-specific ATP-
binding cassette transporter gene (ABCR) cause recessive 
Stargardt’s disease.2 Most families with autosomal dominant
Stargardt-like macular dystrophy have mapped to a locus on
chromosome 6q70 and appear to share a common ancester.18

The most helpful laboratory test for Stargardt’s disease is a
fluorescein angiogram. Between 50% and 80% of patients with
Stargardt’s disease exhibit a phenomenon known as a dark or
masked choroid.21,72 In such cases, the retinal circulation is seen
in sharp contrast against a hypofluorescent choroid (see Fig. 4-
3). The most likely explanation for this phenomenon is a block-
age of choroidal fluorescence by lipofuscin-laden retinal pigment
epithelial cells. The absence of this sign does not rule out Star-
gardt’s disease (see Fig. 4-6), but its presence is quite helpful.

Stargardt’s disease can be difficult to differentiate from
early-onset progressive cone–rod dystrophies in children.
Although the former usually stabilizes at 20/200 vision, the
latter may progress to almost complete blindness. Some sys-
temic disorders, such as neuronal ceroid lipofuscinosis, may
have as the presenting sign a maculopathy that appears like 
Stargardt’s, but the visual and systemic prognosis are much
worse. Thus, it is wise to follow children closely for 6 months
to a year after the initial diagnosis before giving a definitive prog-
nosis. As genetic testing becomes more standard, it will be easier
to distinguish phenocopies from each other.

There is no medical treatment for Stargardt’s disease but,
because many of these patients are relatively young when they
lose vision, they are often highly motivated to use various low-
vision aids. Prompt referral to a low-vision specialist can be very
helpful for some patients.

BEST’S DISEASE

Best’s vitelliform dystrophy7 was first described in 1905 by
Friedrich Best. The disorder is rare, and a general ophthalmolo-
gist may encounter only one or two affected families in an entire
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career. The natural history of the disease is variable. Vitelliform
lesions may be observed shortly after birth in some affected 
individuals but they can also appear after 50 years of age. In most
cases, affected patients retain reading and driving vision in at
least one eye well into the seventh decade. Nonetheless, patients
who can read the Snellen chart at the 20/30 to 20/50 level still
complain that the distortion of their vision and small paracen-
tral scotomas make reading and driving difficult in some situa-
tions. Choroidal neovascularization seems to occur in about 5%
of affected eyes. Unfortunately, when such membranes do occur,
they are often obscured by the lipofuscin pigment, which makes
laser treatment difficult if not impossible. Moreover, the visual
acuity in affected patients can drop several lines rather suddenly,
suggesting the presence of a choroidal neovascular membrane,
but a few weeks later return to near-normal levels.

The most common presenting symptom is decreased visual
acuity and metamorphopsia. The ocular manifestations can
range from a classic vitelliform lesion (Fig. 4-8) to smaller lesions
more typical of one of the pattern dystrophies (Fig. 4-9). Late 
in the disease, geographic atrophy may be present at the site of
the original macular lesion (Fig. 4-10). In a few patients, small

FIGURE 4-8. Best’s vitelliform dystrophy with a classic “egg yolk”
deposit of lipofuscin material beneath the retinal pigment epithelium
(RPE) of the central macula. The vitelliform lesions were first noted in
this patient at age 12; this photograph was taken at age 18. The visual
acuity in this eye remains 20/20.



FIGURE 4-9. Dot and halo lesion in a patient with Best’s disease, showing
the right eye of a 34-year-old woman who is a cousin of the patient shown
in Figure 4-8. The visual acuity in this eye is 20/40. The central hyper-
pigmentation surrounded by a halo of lipofuscin and atrophy is frequently
seen in the pattern dystrophies. This patient illustrates that this finding
is somewhat nonspecific and can be seen in Best’s disease as well.

FIGURE 4-10. Choroidal sclerosis in Best’s disease showing the left eye
of a 78-year-old woman who is the great-aunt of the patient shown Figure
4-9. The visual acuity in the eye is 20/400. The patient is an obligate
carrier of the Best’s gene. There is total absence of the retinal pigment
epithelium centrally with an associated loss of the choriocapillaris. The
large choroidal vessels appear “sclerotic” against a background of almost
bare sclera. This appearance can be seen as the end stage of several mac-
ulopathies including Best’s disease, the pattern dystrophies, Stargardt’s
disease, and age-related macular degeneration.
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pisciform deposits of lipofuscin reminiscent of Stargardt’s
disease can be seen late in the disease course (Fig. 4-11).

There are no systemic manifestations of Best’s disease. The
condition is inherited as an autosomal dominant trait with 
variable expressivity and incomplete penetrance. However, it is
important to realize that the degree of penetrance of any disor-
der is dependent on the method used to diagnose it. That is,
there are patients at 50% risk for Best’s disease who have an
absolutely normal fundus but later have children affected with
the disease, which occurs in about 5% of patients in our expe-
rience. Thus, the penetrance of ophthalmoscopically visible
disease at age 35 is 90% to 95%. In contrast, we have never
observed a patient with a normal electro-oculogram (EOG) who
had children affected with classic Best’s disease. Thus, if the
EOG is used for diagnosis, the penetrance of the disease is nearly
100%. Mutations in the VMD2 (vitelliform macular dystrophy)
gene on chromosome 11 are responsible for Best’s disease.51,71

Ferrell and colleagues linked an atypical vitelliform dystrophy

FIGURE 4-11. Pigmented vitelliform lesion, atrophy, and peripheral
flecks in a patient with Best’s disease. The left eye is shown of an 80-
year-old patient with Best’s disease who has children and nieces who are
affected with classic vitelliform lesions. When first seen at age 52, his
macula was found to be completely normal. When reexamined 28 years
later, small pigmented vitelliform lesions were discovered. Later, he
developed eccentric patches of retinal pigmented epithelium (RPE)
atrophy and “pisciform” flecks reminiscent of fundus flavimaculatus or
Stargardt’s disease. This patient illustrates that abnormal lipofuscin-like
accumulations can occur very late in patients with Best’s disease.



to the classical genetic marker GPT-1, which was localized 
to the long arm of chromosome 8.20 Their family had some 
clinical features that were not typical of classic Best’s disease.
Specifically, some affected individuals had normal or near-
normal EOG ratios, and none of the patients had vitelliform
lesions larger than one disk diameter in size.33 Bestrophin, the
product of the VMD2 gene, localizes to the basolateral plasma
membrane of the retinal pigment epithelium.43 The function
remains unknown.

Without question, the best laboratory study to establish the
presence of Best’s disease is the electro-oculogram (Fig. 4-12).
This test is based on the measurement of an electrical potential
that is generated at or near the interface between the retinal
pigment epithelial cells and the photoreceptors. In a normal eye,
this potential responds to changes in illumination in the fol-
lowing way. If an eye is light adapted, and the lights are subse-
quently turned off, the resting potential falls gradually to a “dark
trough” 10 to 15min later. When the light is switched on again,
this potential rises over the next 10 to 12 minutes to a value
that is roughly twice the magnitude of the dark trough. The EOG
test result is usually expressed as the Arden ratio3 of the light
peak to dark trough. This ratio is insensitive to variations in skin
conductivity and other variables that do affect the magnitudes
of the individual voltages. The exact magnitude of the Arden
ratio is dependent on the size and intensity of the light stimu-
lus but is fairly reproducible with a given instrument. In a
patient with Best’s disease, there is little change in this resting
voltage regardless of the light condition. Thus, when the lights
are turned off the voltage falls very little and when the lights
are turned on again the voltage rises little if at all. Thus, patients
with Best’s disease have a light peak to dark trough ratio of less
than 1.5. This electrical abnormality is probably present at birth
and can precede the development of ophthalmoscopically visible
lesions by several decades. Figure 4-12 shows the EOG patterns
from two siblings from a family affected with Best’s disease. One
can see that the affected brother has a diminished Arden ratio
(1.2–1.3) whereas the unaffected brother has ratios greater than
2.0.

Our understanding of the pathophysiology of Best’s disease
is limited. The few specimens that have been studied
histopathologically have revealed lipofuscin accumulations
within retinal pigment epithelial cells and in the sub-RPE
space.24,50,77 Some material has also been described within the
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FIGURE 4-12. Electro-oculograms of two brothers from a family affected
with Best’s disease. Closed circles, measurements from the right eye;
open circle, measurements from the left eye. The bar beneath each record-
ing depicts the state of retinal illumination (closed, dark; open, light). Top:
recordings from the eyes of the unaffected patient. The voltage recorded
at the peak of the light response in this patient is twofold higher than
that recorded in the dark. Bottom: abnormal recordings from the affected
patient. The average ratio of the “light peak” to “dark trough” voltages
in this patient is 1.2.



retina itself. Unfortunately, no pathological specimen of an early
vitelliform lesion has been studied. Thus, we do not have any
direct knowledge of the exact configuration of the vitelliform
lesion. It seems likely that the “egg yolk” lies beneath the
retinal pigment epithelium because patients with such lesions
can still have normal visual acuity. Thus, it is unlikely that this
material is between the retinal pigment epithelial cells and the
photoreceptors. Some authors believe that the material is 
confined to the retinal pigment epithelial cells themselves, but
the pseudohypopyon appearance of some lesions (Fig. 4-13) argues
for an extracellular location of this material. It is not known
whether this material accumulates because of a defect in
macular metabolism, or whether the lipofuscin is a normal
metabolic by-product that simply has difficulty transiting
Bruch’s membrane to reach the circulation of the choriocapil-
laris. The autosomal dominant nature of the disorder would be
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FIGURE 4-13. Pseudohypopyon appearance of a vitelliform lesion in
Best’s disease, showing the left eye of a 12-year-old patient who is the
grandson of the patient shown in Figure 4-10. The visual acuity in this
eye was 20/50 at the time of this photograph but improved to 20/20 before
age 20. Note that the lipofuscin material has “layered out” with a thicker
component below and a serous component above. This figure suggests
that the vitelliform collection of lipofuscin is in the sub-RPE space. If it
were confined to the retinal pigment epithelial cells, it would not be able
to layer gravitationally. If it were present in the subretinal space, the
visual acuity would not be 20/50.



more compatible with a structural abnormality than an enzy-
matic one.

There is no medical treatment for Best’s disease. As already
mentioned briefly, choroidal neovascular membranes occur in a
few percent of affected eyes and in some cases might be
amenable to laser photocoagulation. Such treatment would be
complicated by the fact that the membranes would most likely
develop beneath the lipofuscin pigment, which would make
visualization difficult. It is also important to recognize that
these patients rarely have aggressive disciform processes 
evolving from such membranes. Thus, it is probably hazardous
to extrapolate the laser treatment benefits obtained in age-
related macular degeneration to patients with Best’s disease.

THE PATTERN DYSTROPHIES

Between 1950 and 1977, at least eight different hereditary mac-
ulopathies were reported in the ophthalmic literature as new and
distinct entities (Fig. 4-14). As a group, these disorders are 
characterized by relatively good vision in the first five decades
of life, a striking pattern of yellow or black pigmentation at the
level of the retinal pigment epithelium, and a relative absence
of typical drusen. Most of the pattern dystrophies have normal
or near-normal findings on psychophysical and electrophysio-
logical tests. The notable exception is that affected individuals
in some pedigrees have a moderately abnormal EOG.16

Sjogrens’s reticular dystrophy15,58 is an autosomal recessive
disease characterized by a network of pigmented lines sur-
rounding the macula that resembles a fishnet with knots at the
intersections of the lines. Autosomal dominant pedigrees of
reticular dystrophies have also been reported. The EOG is abnor-
mal.38 Fundus pulverulentus60 is a presumably autosomal dom-
inant condition with RPE mottling in the posterior pole and near
periphery. Slezak and Hommer considered that this disorder was
distinguishable from Sjogren’s dystrophy by the absence of retic-
ular lines. Benedikt and Werner6 reported a family affected with
an autosomal dominant condition that shared features of retic-
ular dystrophy and fundus pulverulentus. One affected patient
had the classic reticular lines, whereas others had granular 
pigmentation without definite lines. Mesker’s macroreticular
dystrophy45 is characterized by a reticular pigmentation in which
the mesh size of the “net” is approximately one disc diameter
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in size (at least twice as large as that in Sjogren’s cases). Butter-
fly dystrophy16 is an autosomal dominant disorder in which
yellow deposits are seen in the macula at the level of the RPE,
radiating from the fovea in a pattern reminiscent of a butterfly’s
wings (Fig. 4-15). In 1974, Gass27 described a peculiar foveo-
macular dystrophy characterized by symmetrical, round or 
oval, yellow lesions in the fovea, approximately one-third disc
diameter in size, with a central hyperpigmented spot (Fig. 
4-16). Singerman et al.57 reported a large family with a similar
condition that they termed dominant progressive macular 
dystrophy.

Benign concentric annular macular dystrophy17 is an
extremely rare autosomal dominant disorder characterized by a
fairly stationary bull’s-eye maculopathy that resembles chloro-
quine toxicity. Some affected patients have electroretinographic,
color vision, and dark adaptation abnormalities and some
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FIGURE 4-14. Four different definitions of pattern dystrophy. The indi-
vidual disorders that are commonly considered as one of the pattern dys-
trophies are listed at the left. Four of the many publications in the
literature that discuss the concept of grouping these as a single clinical
entity are indicated by lowercase letters across the top of the figure: a,
Marmor and Byers 1977;42 b, Hseih, Fine, and Lyons 1977;35 c, Watzke,
Folk, and Lang 1982;74 d, de Jong and Delleman 1982.14 Black dots indi-
cate the component dystrophies that each group included in their defini-
tion of pattern dystrophy.
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FIGURE 4-15. Butterfly pattern dystrophy, showing the left eye of a 
65-year-old patient with 20/50 vision. Butterfly lesions typically have
three to five “arms” of yellow sub-RPE material extending from a central
collection that may be pigmented.

FIGURE 4-16. Peculiar foveomacular dystrophy, showing the left eye of
a 41-year-old woman with 20/40 vision. There is a small “one-third disc
diameter” vitelliform lesion centered on the foveola. These small lesions
can occasionally be seen in families with classic Best’s disease. Note the
absence of typical drusen.



authors would classify this among the cone dystrophies.
However, its good visual prognosis (20/25 at age 68 in one
reported patient), coupled with the ophthalmoscopic and angio-
graphic evidence of a macular RPE injury, makes it clinically
similar to the other pattern dystrophies discussed here.

The ophthalmoscopic similarity of some of these entities,
coupled with their similar clinical course, led several
authors14,35,42,74 to propose grouping these entities under the term
pattern dystrophy. Unfortunately, there have been nearly as
many different groupings of the component entities as there are
entities themselves (see Fig. 4-14). It is curious that none of the
authors who proposed pattern dystrophy groupings included
dominant Stargardt’s disease or the dominant slowly progressive
macular dystrophy of Singerman et al.57 as the clinical and elec-
trophysiological findings in the latter conditions overlap those
of the entities they chose to include. The existence of these 
different classification schemes in the literature has rendered
the term pattern dystrophy fairly nonspecific. Nonetheless, it is
important to recognize that there are a number of heritable 
maculopathies that are distinct from familial drusen and from
early-onset Stargardt’s disease and which in general, have a
better prognosis than the latter two disorders.

The most common presenting symptom of one of the
pattern dystrophies is a slightly diminished visual acuity or
metamorphopsia in a patient in their twenties or thirties.
Almost as often, the patients are asymptomatic and come to
attention because of the discovery of unusual macular lesions
during routine ophthalmoscopy. Individuals affected with one of
these disorders will often have relatively young children, nieces,
or nephews whom they will ask their ophthalmologist to
examine for evidence of the disease. The latter situation is the
usual way a pediatric ophthalmologist will encounter these 
conditions. Some of the pattern dystrophies can definitely be
manifest in the first decade of life.11,15,54

The most important entity in the differential diagnosis of
pattern dystrophy is early-onset Stargardt’s disease, which has a
much poorer visual prognosis. The finding of a masked choroid
on fluorescein angiography (see Fig. 4-3) can help establish the
latter diagnosis but the absence of this sign does not rule it out.
The presence of a dot or flecklike maculopathy with reduced
vision in a patient less than 20 years of age should always be
considered to be Stargardt’s disease (and a somewhat guarded
visual prognosis should be given) unless a number of older
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family members (a parent, a grandparent, aunts, or uncles) can
be shown to have similar lesions with good vision. Another
entity that can be distinguished fairly readily from the pattern
dystrophies is Best’s disease. One can usually find classic vitel-
liform lesions in at least one family member with the latter
disease and, although the EOG Arden ratio can be depressed in
pattern dystrophy, it is rarely 1.1 or 1.2 whereas it is usually that
low in Best’s. It has been my experience that the moderately
depressed EOGs in pattern dystrophy occur in older patients
with more advanced disease, whereas in Best’s disease the EOG
ratio can be very low even in ophthalmoscopically normal
affected patients in their first decade of life.

With the exception of Sjogren’s original family in which
spherophakia, iris abnormalities, and deafness were associated
with the reticular dystrophy, pattern dystrophies are rarely 
associated with systemic disorders. Anecdotal association with
Crohn’s disease has been reported. One important association is
with maternally inherited diabetes and deafness (MIDD), a
mitochondrial disorder in which approximately 85% of adult
patients have been reported to exhibit a linear pigmentary 
maculopathy. The maculopathy appears to be rare in childhood.44

The pathophysiology of these disorders is largely unknown. One
interesting observation is that the distribution of the abnormal
pigment in the pattern dystrophies seems to correspond in size
and shape with the margins of the choriocapillaris lobules.42

Such a pattern is fairly nonspecific and can be seen in other
retinal disorders,5 including Best’s disease (Fig. 4-17).

Many of the remarks made at the opening of this chapter
concerning the genetic heterogeneity of the RPE dystrophies
apply directly to the “pattern dystrophies”; that is, nearly every
author who has studied one of these families has remarked that
certain individuals in the family have ophthalmoscopic appear-
ances compatible with one of the individual dystrophies while
other family members appear to have another. Occasionally this
occurs in two eyes of one patient.30,31 One interesting paper
reports a 10-year follow-up of a single patient whose lesions
evolved through a series of stages, each mimicking one of the
individually described pattern dystrophies.52

We and others have identified mutations in the RDS/
peripherin gene in some patients with pattern dystrophies.46,47,79

However, linkage analysis has excluded the RDS/peripherin
gene from involvement in the pattern dystrophy of other large
families,76 indicating that at least two genes must exist that are
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capable of causing this phenotype. There are reports of the 
same peripherin/RDS mutations causing clinical presentations
appearing such as retinitis pigmentosa, pattern dystrophy, and
fundus flavimaculatus in different members of the same
family78; this reinforces the concept that different genetic defects
can produce identical clinical pictures while the same defect can
produce different clinical appearances in different people and
even in the same person over time.

The treatment of pattern dystrophy is similar to that of
other conditions in this chapter. Choroidal neovascular mem-
branes occur in a few percent of affected eyes and may be
amenable to laser treatment. Patients should monitor their
vision with an Amsler grid and report any sudden changes
immediately. However, because the natural history of the
disease is fairly benign, and the pattern lesions can stain with
fluorescein even in the absence of neovascularization, laser
treatment should probably be reserved for patients with discrete,
well-visualized, juxta- or extrafoveal membranes. Indocyanine
green videoangiography may be useful in some cases.41

120 handbook of pediatric retinal disease

FIGURE 4-17. Reticular pigmentation in a patient with Best’s disease,
shown in fluorescein angiogram from the right eye of a 49-year-old man
who is the father of the patient shown in Figure 4-13. The orientation
and periodicity of the hyperpigmentation are similar to that seen in the
reticular dystrophies. This distribution has been previously noted to 
correspond to the interfaces between choriocapillaris lobules.



DRUSEN

Typical drusen are small accumulations of lipofuscin within and
beneath the retinal pigment epithelium. They are much more
common in Caucasians than in darkly pigmented individuals
and are more common with increasing age. Visual loss from
these lesions is rare before the age of 50, which has led to the
use of the term age-related macular degeneration. This term
tends to obscure the fact that most drusen are probably inher-
ited in an autosomal dominant fashion.28 Drusen can range from
small, very discrete lesions, (Fig. 4-18) to accumulations of 
cellular debris and macromolecules that are so large they might
better be termed retinal pigment epithelial detachments (Fig. 
4-19). Drusen can occasionally be observed in asymptomatic
individuals in their third decade. Thus, there is some overlap
between this very prevalent entity and the less common pattern
dystrophies that were discussed in the previous section.

It is worthwhile to distinguish a second form of drusen that
are thought to result from a nodular thickening of the basement
membrane of the RPE.29 These “cuticular” or “basal laminar”
drusen (Fig. 4-20) are more commonly seen in younger 
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FIGURE 4-18. Small drusen in the left eye of an asymptomatic 35-year-
old woman. Visual acuity is 20/25.



FIGURE 4-19. Large drusen in the left eye of a 60-year-old patient with
20/40 vision. Most of the retinal pigment epithelial abnormality is con-
fined to an area two by three disc diameters in size. At the periphery of
this zone, the drusen are rather small; near the center, they coalesce into
larger accumulations that may be more appropriately termed retinal
pigment epithelial detachments.

FIGURE 4-20. Cuticular drusen in the right eye of a 42-year-old patient
with 20/15 vision. Note the uniformly sized yellow deposits at the level
of the retinal pigment epithelium, believed to be nodular thickenings of
Bruch’s membrane. With time, more typical drusen can become admixed
with these cuticular drusen, as is beginning to occur centrally in this
patient. In some cases, a vitelliform pigment epithelial detachment can
occur. (From Ref. 26, with permission.)



individuals and are most easily recognized as a myriad of equal-
sized hyperfluorescent dots in the early phase of a fluorescein
angiogram (Fig. 4-21). With increasing age, typical drusen are
often admixed with the cuticular ones, and in late stages even a
vitelliform RPE detachment can occur.26

The natural history of drusen is variable. Some patients
experience a progressive loss of central vision while others have
essentially normal vision for many years. The most common
presenting symptom is decreased central visual acuity or a
recent onset of metamorphopsia. In the latter case, a choroidal
neovascular membrane is often found. There are no known 
systemic manifestations of macular drusen. The most important
laboratory test is a fluorescein angiogram for the detection of
choroidal neovascularization. As are the other disorders dis-
cussed in this chapter, typical drusen are characterized
histopathologically by abnormalities of Bruch’s membrane and
an accumulation of organelles and macromolecules within and
beneath the RPE.19,48,56,73 This appearance could be the result of
a defect in metabolism of the RPE or macular retina, but the
autosomal dominant nature of the condition would be more
compatible with a structural abnormality in Bruch’s membrane.
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FIGURE 4-21. Cuticular drusen in a midvenous-phase fluorescein
angiogram of the patient in Figure 4-20. The drusen hyperfluoresce early
and stain in later frames of the study (not shown). The lesions are often
more dramatically seen on the angiogram than by ophthalmoscopy.



Basal laminar drusen are even more likely to result from a struc-
tural abnormality in Bruch’s membrane.

The drusen seen in Malattia Levetinese and Doyne honey-
comb retinal dystrophy are autosomal dominant and occur in
children as well as adults. Mutations in the EFEMP1 gene on
chromosome 2 are the cause.69 Another form of autosomal 
dominant drusen has been reported that may present as early as
3 years of age with fine drusen, most conspicuous in the macula,
with or without atrophic maculopathy. This form has been
mapped to chromosome 6q14.68 It is of interest that Alport’s syn-
drome, which is associated with fine drusen-like deposits at the
level of the RPE, has been shown to be caused by a defect in type
IV collagen.4

The treatment of drusen consists of identifying choroidal
neovascular membranes as early as possible and treating them
with laser photocoagulation. Many of these patients also benefit
from referral to low-vision specialists as the disease progres-
sively affects their central visual acuity.

NORTH CAROLINA MACULAR
DYSTROPHY

North Carolina macular dystrophy was initially described by
Lefler et al. in 1971.39 It was further described by Frank and
coworkers in 1974,25 who termed the disease dominant pro-
gressive foveal dystrophy. This condition has recently been
shown to be the same as central areolar pigment epitheliopa-
thy.61 In fact, the individual illustrated in this chapter (Fig. 4-22)
was initially reported as part of a series of central areolar
pigment epitheliopathy,32 but was later found to be related to the
original large North Carolina dystrophy family.61

The most common presenting symptom in North Carolina
macular dystrophy is decreased central vision. The onset of
disease is very early in life, and the macular lesion probably 
stabilizes in most patients by 10 years of age. Visual acuity can
range from 20/20 to 20/200. Small63 reexamined 22 individuals
originally reported by Frank and coworkers and found that only
1 patient showed evidence of progression of the disease during
the two decades that separated the two reports.

The ocular manifestations of the more severe grades of
North Carolina dystrophy are clear cut. The center of the lesion
appears to be a staphyloma with little if any choroidal or retinal
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pigment epithelial tissue remaining at the base. There is a hyper-
trophic rim of tissue surrounding the lesion (see Fig. 4-22).
Typical-appearing drusen may be observed in the periphery.
There are no known systemic manifestations of the disease.

The disease is inherited in an autosomal dominant fashion.
The gene that causes the disease was mapped to the long arm
of chromosome 6 in 1992 by Small, and the locus has since been
further refined. There is no evidence for genetic heterogeneity
in this disease.64 Electroretinography and electro-oculography
are normal in North Carolina macular dystrophy. Despite the
hypertrophic “disciform” appearance of the edge of these
lesions, no active choroidal neovascular membrane has been
demonstrated in these patients.62 Thus, fluorescein angiography
is probably not warranted in these patients unless other condi-
tions are being considered.

The pathophysiology of the disease is unknown, but its very
early onset, dominant inheritance, and slow progression suggest
a structural abnormality at the level of the basement membrane
of the RPE.
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FIGURE 4-22. North Carolina macular dystrophy, showing the right eye
of an 11-year-old patient with 20/200 vision. Photographs of this patient
at age 9 have been previously published.61 The lesion and the visual acuity
has been stationary since early childhood. Typical features of the disease
are the staphylomatous-appearing crater surrounded by a gliotic rim. The
base has a shiny appearance similar to that seen in some patients with
Stargardt’s disease.



There is no treatment for North Carolina macular dystro-
phy. Fortunately, the disease is stable in most patients.

SORSBY’S FUNDUS DYSTROPHY

In 1949, Sorsby et al. reported an extensive study of four large
English families affected with an autosomal dominant macu-
lopathy.66 Although some features of these families are common
to dominant drusen and the pattern dystrophies, there are suffi-
cient differences to warrant recognition as a specific entity.

The central feature of Sorsby’s fundus dystrophy is the
development of bilateral subfoveal choroidal neovascular mem-
branes at about the age of 40 years. The macular lesions evolve
into a picture of geographic atrophy with pronounced black 
pigmentation occurring in clumps around the central atrophic
zone. Continued peripheral migration of the atrophy results in
atrophic areas extending well beyond the temporal arcades with
the loss of even ambulatory vision in many patients (Fig. 4-23).

The original families reported by Sorsby and coworkers were
later reexamined and reported.9,34,53 These papers reported an
additional early feature of the disease, the appearance of numer-
ous fine drusen or a confluent plaque of yellow material beneath
the RPE of the posterior pole. A fluorescein angiographic abnor-
mality was also identified that suggested a decreased perfusion
of the choriocapillaris. An additional report described the
histopathological features of the disease.10 A confluent, lipid-
containing deposit was seen between the basement membrane
of the retinal pigment epithelium and the inner collagenous
layers of Bruch’s membrane. This deposit differed from that of
age-related macular degeneration in that the abnormalities were
almost totally limited to the vitreal side of the elastic lamina of
Bruch’s membrane.

In summary, the term Sorsby’s dystrophy should be reserved
for an autosomal dominant condition in which central choroidal
neovascular membranes occur in the relative absence of typical
drusen. It is distinguished from the pattern dystrophies by its
relatively poor visual prognosis. That is, many of Sorsby’s
patients had vision of 20/200 or worse before reaching their sixth
decade whereas most patients with pattern dystrophy maintain
visual acuities of 20/50 or better in this age range. Moreover,
choroidal neovascular membranes occur in only about 5% of
patients with the pattern dystrophies. Most families with
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Sorsby’s fundus dystrophy have been found to harbor mutations
in the TIMP3 gene.75

There is no curative medical treatment for Sorsby’s fundus
dystrophy, nor are there any data in the literature regarding the
effectiveness of laser treatment for the choroidal neovascular
membranes. However, the progressive centrifugal RPE atrophy
that occurs even in the absence of overt neovascularization sug-
gests that laser treatment would not be beneficial. There is some
evidence that vitamin A supplementation may be beneficial in
this disorder.36

FENESTRATED SHEEN MACULAR
DYSTROPHY

Fenestrated sheen macular dystrophy is an extremely rare auto-
somal dominant macular dystrophy. Only four families have
been described in the literature.13,49,59,65 The disease is character-
ized by sharply demarcated small red lesions that are located in
the outer retina (Fig. 4-24). No thickening or thinning of the
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FIGURE 4-23. Sorsby’s macular dystrophy, showing the right eye of a 69-
year-old man with 20/2000 vision. His 95-year-old mother is similarly
affected. Characteristic features include a large area of RPE atrophy
extending beyond the temporal arcades. Clumps of hyperpigmentation
are admixed with subretinal fibrosis. It is not uncommon for these
patients to lose even ambulatory vision by the sixth decade.



retina is associated with the lesions, only the abnormal color.
The red lesions are most noticeable in the first decade of life. In
older patients, the red lesions fade and a retinal pigment epithe-
lial mottling appears in its place.

Most affected patients are asymptomatic and come to atten-
tion when the retinal lesions are noticed during routine 
ophthalmoscopy. Sneed and Sieving65 reported significantly
diminished photopic and scotopic ERGs in affected patients.
There are no known systemic manifestations of this disease, and
the visual prognosis is excellent.

CRYSTALLINE RETINAL DYSTROPHIES

In 1937, Bietti described patients with a disorder of the retinal
pigment epithelium and choroid characterized by scattered
yellow-white crystals in the posterior pole.8 These patients also
had superficial crystals in the cornea near the limbus. The 
disorder began in the third decade of life. The presence of 
crystalline retinal dystrophy in siblings suggested the possibility
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FIGURE 4-24. Fenestrated sheen macular dystrophy, showing the left 
eye of a 7-year-old patient originally reported by Sneed and Seiving.65

The reddish discolorations have no associated elevation. With time, the
redness fades and is replaced by a more atrophic RPE change. (Courtesy
of Sneed and coworkers, used with permission.)



of autosomal recessive inheritance. More recently, histopatho-
logical examination of two such cases revealed crystals resem-
bling cholesterol inclusions in the fibroblasts of the cornea and
conjunctiva, as well as in circulating lymphocytes.80 Abnormal-
ities of fatty acid metabolism and absence of fatty acid binding
by two cytosolic proteins have been noted. Patients have pro-
gressive night blindness and visual field loss. Autosomal reces-
sive Bietti crystalline dystrophy has been linked to chromosome
4q35.37

In 1990, Richards and coworkers55 reported an autosomal
dominant family in which nine individuals were affected with
a crystalline dystrophy indistinguishable from that described by
Bietti (Fig. 4-25). The proband of that family had a subnormal
ERG and pericentral scotomas with visual field testing. The
proband also had crystal formation in the lysosomes of circu-
lating lymphocytes.

The differential diagnosis of crystalline retinopathy includes
oxalosis, exposure to methoxyflurane, cystinosis, and exposure
to certain other drugs including tamoxifen, canthaxanthine, and
talc. The crystalline retinopathy and keratopathy of cystinosis
begin in childhood.
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FIGURE 4-25. Crystalline macular dystrophy, showing the right eye of a
54-year-old patient originally reported by Richards et al.55 Deposition
of crystalline material is seen within the retina and associated areas of
atrophy of the retinal pigment epithelium. (Courtesy of Richards and
coworkers, used with permission.)
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Retinitis Pigmentosa and
Associated Disorders
Arlene V. Drack and Alan E. Kimura

Retinitis pigmentosa (RP) is a general term used to refer to 
a group of related inherited diseases typically characterized

by poor vision in dim light, constricted visual fields, bone
spicule-like pigmentation of the fundus, and electroretino-
graphic evidence of photoreceptor cell dysfunction. These dis-
eases can be inherited as an autosomal dominant, autosomal
recessive, or X-linked recessive trait. Mitochondrial inheritance
has also been described, often as part of a syndrome. It has 
been estimated that RP affects approximately 1 in 3700 people
in the United States. Inherited retinopathies affect approxi-
mately 1 in 2000 individuals worldwide.131 Approximately 20%
of these cases are autosomal dominant, and 6% to 9% are X-
linked.22,23 The remaining 71% to 84% are either autosomal
recessive or isolated “simplex” cases. The latter may represent
autosomal recessive disease, a new autosomal dominant muta-
tion, or an environmental phenocopy. In the United Kingdom,
X-linked RP appears to be more common than in the United
States.70

This chapter summarizes the clinical and electrophysiolog-
ical features of various types of retinitis pigmentosa and other
related photoreceptor disorders. The organization of the chapter
is summarized in Table 5-1. First, some general features of these
disorders and the approach to working up patients suspected to
have one of them are presented. Next, the three hereditary types
of “classic” RP and the rare congenital form (Leber’s congenital
amaurosis) are discussed. Systemic disorders associated with
retinitis pigmentosa are only briefly summarized because they
are discussed fully in Chapter 13. Last, three additional forms of
heritable photoreceptor dysfunction are discussed: congenital
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stationary night blindness, cone dystrophies, and congenital
dyschromatopsias.

RETINITIS PIGMENTOSA (PROGRESSIVE
ROD/CONE DYSTROPHY)

Clinical descriptions of night blindness consistent with the diag-
nosis of retinitis pigmentosa (RP) were made as early as 1744 by
Ovelgun. Donders first used the phrase “retinitis pigmentosa”
in 1855. Karpe is credited with developing clinical elec-
troretinography (ERG) in 1945. He detected abnormally low
ERGs in patients with RP and noted that these abnormalities
could precede the onset of ophthalmoscopically visible changes.
Gouras and Carr subsequently identified preferential rod pho-
toreceptor dysfunction in patients with early autosomal domi-
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TABLE 5-1. Varieties of Retinitis Pigmentosa and Associated
Disorders.
Retinitis pigmentosa (RP)

Clinical features
Workup
Treatment

Hereditary subtypes of typical RP
Autosomal dominant
Autosomal recessive
X-linked

Leber’s congenital amaurosis

RP and systemic diseases
Usher syndrome
Alstrom disease
Bardet–Biedl syndrome
Retinal renal syndromes
Ceroid lipofuscinoses
Mitochondrial diseases

Other photoreceptor disorders
Congenital stationary night blindness
Cone dystrophies
Dyschromatopsias

Other RP-like retinal disorders
Unilateral pigmentary retinopathy
X-linked juvenile retinoschisis
Goldmann–Favre syndrome
Gyrate atrophy

Choroideremia



nant retinitis pigmentosa.57 In 1989, McWilliam et al.98 reported
linkage of the disease phenotype in a large family with autoso-
mal dominant RP (ADRP) to a genetic marker on the long arm
of chromosome three. The proximity of this marker to the
rhodopsin gene led Dryja and his co-workers34–39 to examine the
rhodopsin gene in patients with ADRP, and in 1990 they identi-
fied the first rhodopsin mutations in such patients. In 1991, two
groups identified ADRP-causing mutations in the peripherin/
RDS gene.40,74 Subsequently, retinitis pigmentosa has been proven
to be a very genetically heterogeneous group of disorders.20,68,71,135

Of interest, genotype–phenotype correlations are rarely strong. 
In fact, for the inherited retinopathies the rule has been that dis-
orders that look clinically similar may have different genetic
causes, whereas those with identical gene defects may present
with very different clinical findings. Because of this, arguments
can be made for discarding the existing clinically based nomen-
clature in favor of one that describes the genetic subtype of the
disorder. In reality, however, most diagnoses still must be made
clinically at this writing.

Clinical Features
The earliest symptom of RP and related disorders is often night
blindness. Young children may not be capable of articulating
this, and some patients may not give a history of subjective night
blindness even when objective difficulty with dark adaptation
can be documented. Parents should be asked whether their child
clings to them or guides himself or herself along walls or furni-
ture in dimly lit rooms or movie theaters. A child’s activity in
the exam room can also be evaluated after dimming the lights.
Older children and adults may describe themselves as clumsy or
admit to difficulty seeing the stars at night or finding their seat
in a dark theater. Often children with RP are referred because of
decreased visual acuity or the discovery of abnormal fundus pig-
mentation on routine ocular examination. Some children come
to an ophthalmologist because of a positive family history
without any symptoms themselves. Fundus findings include
arteriolar narrowing, waxy pallor of the disc, cystoid macular
edema and bone spicule-like pigment changes (Figs. 5-1, 5-2, 
5-3). Vitreous cells and posterior subcapsular cataracts are also
commonly observed.

Pigmentary changes in the fundus are variable and may 
even be absent (retinitis pigmentosa sine pigmento), making
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FIGURE 5-1A,B. Fundus photographs of a patient with late-stage
rhodopsin-associated retinitis pigmentosa (Pro-23-His). (A) Optic disc and
major retinal vessels. Note “waxy pallor” and significant arteriolar atten-
uation. (B) A more peripheral view of the same patient showing classic
bone spicule-like hyperpigmentation. The visual fields from this patient
are shown in Figure 5-6.



symptoms and family history especially important in the deci-
sion to proceed with further evaluation. White dots may also be
observed deep in the retina; when marked, this appearance is
known as retinitis punctata albescens (RPA). Fundus albipunc-
tatus (FAP) has similar white dots, but is associated with a 
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FIGURE 5-2A,B. Fluorescein angiogram of a patient with Usher syn-
drome. (A) Early phase of the angiogram. Subtle abnormalities of the
foveal avascular zone are visible. (B) Late phase of the angiogram. Pro-
nounced cystoid macular edema and deep retinal pigment epithelial
leakage are evident.



stationary night blindness, not progressive RP. Historically, the
uniqueness of retinitis pigmentosa sine pigmento and retinitis
punctata albescens has been argued, because both have been
observed in affected patients from ADRP and ARRP pedigrees
in which other family members demonstrate bone spicules and
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FIGURE 5-3A,B. Fundus photographs of a patient with rhodopsin-asso-
ciated retinitis pigmentosa (Val-87-Asp). The retinal degeneration is more
pronounced in the inferior quadrants than the superior quadrants and
involves the macula as well. The visual fields from this patient are shown
in Figure 5-5.



typical fundus changes characteristic of retinitis pigmentosa. RP
sine pigmento is believed by most investigators to be an early
stage of RP before the bone spicule-type of hyperpigmentation
and atrophy are manifest.116 RPA has been seen in various sub-
types of early stages of RP.100 One family with an RPA appear-
ance was found to have a heterozygous mutation of the
RDS/peripherin gene.75 A consanguineous pedigree from Saudi
Arabia with ARRP with a RPA phenotype was found to be
caused by homozygous mutations in the RLBP1 gene and was
slowly progressive.79

Workup
A standard clinical evaluation for a patient suspected to have 
an inherited retinal dystrophy includes a history and physical
examination directed toward the signs and symptoms of rod 
and cone photoreceptor dysfunction. In addition to refraction,
retinal biomicroscopy, and indirect ophthalmoscopy, we usually
include three laboratory tests in the workup as well: visual field
evaluation, dark adaptometry, and electroretinography. The
purpose of these three tests is to determine the presence or
absence of retinal disease, to confirm and refine the diagnosis,
and to establish a baseline level of visual function. In at least
one patient per family, DNA screening for known retinal dys-
trophy mutations may be offered.

Visual field loss is progressive in the rod and cone dystro-
phies and may demonstrate variability as the disease progresses.
Early in the course of retinitis pigmentosa, paracentral scotomas
and, later, a complete ring scotoma may be seen (Fig. 5-4). Some
patients with rhodopsin-associated retinitis pigmentosa show a
preferential superior visual field loss65,133 (Fig. 5-5). Late in the
course of retinitis pigmentosa, the ring scotomas break out into
the periphery and there is progressive constriction of the periph-
eral isopters. Typically, only a small central island remains,
occasionally accompanied by another temporal island in the
periphery (Fig. 5-6). Legal blindness in many states is defined by
less than 20° of a central island to a III4e isopter. RP patients
may be legally blind on the basis of constricted visual fields even
though they have relatively good central vision. Visual field loss
is generally symmetrical between both eyes, and marked asym-
metry may suggest a nonhereditary basis for poor vision.

Dark adaptometry measures the patient’s threshold for detec-
ting a test spot of light as they progressively adapt to darkness.
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FIGURE 5-4A,B. Ring scotomata in a patient with retinitis pigmentosa.
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FIGURE 5-5A,B. Goldmann visual fields of a patient with rhodopsin-
associated retinitis pigmentosa. These visual fields are those of the
patient whose fundus photographs are shown in Figure 5-3. Note the
selective loss of field superiorly that corresponds to the retinal degener-
ation in the inferior quadrants.
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FIGURE 5-6A,B. Visual fields of a patient with late-stage rhodopsin-
associated retinitis pigmentosa (fundus photographs shown in Figure 5-1).
In the right eye (A), only a small central island of vision remains; in the
left eye (B), an inferotemporal island is also present.



Like perimetry, this psychophysical test requires good patient
cooperation. The clinical dark-adaptation curve shows that sen-
sitivity is initially determined by cones, followed by a cone–rod
break around 9 to 11 min after the preadapting bleaching light
is turned off (Fig. 5-7). Sensitivity continues to improve as the
rods begin to determine the threshold sensitivity. The threshold
generally is reached after about 30 min in darkness. RP patients
may demonstrate several abnormalities, including a delayed
cone–rod break, an elevated final threshold, and an abnormally
prolonged recovery to final threshold over many hours. Late-
stage RP patients typically have a final threshold elevated over
3 log units (Fig. 5-7). Subjective complaints of nyctalopia are not
universal, particularly in early phases of RP, or if patients have
a regional loss of sensitivity as opposed to a generalized loss.

Electroretinography (ERG) is essential in the workup of
inherited retinal dystrophies. The variety of protocols in use
today limits the ability to compare ERG results between labo-
ratories. In 1989, the International Society for Clinical Electro-
physiology of Vision (ISCEV) Standardization Committee
published criteria for a standardized ERG.69 With a standard flash
luminance and rod-suppressing background, five standard
responses are recorded (Fig. 5-8). Use of this protocol allows
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FIGURE 5-7. Dark adaptation curves. The dark adaptation of a normal
patient (open symbols) shows a normal cone–rod break before 10 min
with final threshold reached at just over 25 min. A patient with retinitis
pigmentosa (closed symbols) does not show a cone–rod break and has a
final threshold that is 3 log units greater than that of the normal patient.



investigators from different laboratories to compare selective rod
and cone responses, as well as the maximal, combined response
of the rods and cones, oscillatory potentials, and 30-Hz flicker.
Cone dystrophy patients demonstrate preferential cone dys-
function early in the course of the disease (Fig. 5-9), whereas
typical RP patients show predominantly abnormal rod responses
(Fig. 5-10). Progressive reductions in amplitude and prolongation
of implicit time are features of rod–cone and cone–rod dystro-
phies. Later in the course of many types of RP, the ERG may
become nonrecordable. Nonhereditary pigmentary retinopathies
show no change in the ERG over time. Congenital stationary
night blindness has been classified into a Schubert–Bornschien
type (Fig. 5-11) and a Riggs type,121,124 based on the ERG and dark
adaptation. Miyake et al.105 further subclassified the former into
a complete and incomplete type.

The ERG can also be useful in helping to diagnose the carrier
state of X-linked recessive RP. B-wave amplitude reductions in
the maximal, combined response of the rods and cones are often
diagnostic. A loss of oscillatory potentials may help diagnose the
carrier state in X-linked CSNB. A pattern of hyperpigmentation
resembling “cracked mud” is probably more useful than the
ERG in diagnosing the carrier state of choroideremia.
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FIGURE 5-8. Standardized electroretinogram from normal patient. Top
to bottom: selective rod response; maximal combined rod–cone response;
oscillatory potentials; selective cone response; 30-Hz flicker (cone)
response.
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FIGURE 5-9. Standardized electroretinogram from patient with cone dys-
trophy. Top to bottom: normal selective rod response; mildly subnormal
combined rod–cone response; oscillatory potentials; nonrecordable cone
response; a barely recordable and markedly delayed 30-Hz flicker (cone)
response.

FIGURE 5-10. Standardized electroretinogram from patient with
rhodopsin-associated retinitis pigmentosa (Pro-23-His). Top to bottom:
nonrecordable selective rod response; low-amplitude maximal combined
rod–cone response; nonrecordable oscillatory potentials; low-amplitude,
delayed cone response; a barely recordable and markedly delayed 30-Hz
flicker (cone) response.



ERG testing of infants may be performed with the aid of the
parents positioning the child, using a standard protocol; this
allows results to be comparable to later ERGs when the patient
is older. The ERG response may change over the first 6 months
of life; some infants having nonrecordable ERGs as infants later
develop negative-wave ERGs typical of CSNB. Therefore, a
definitive diagnosis should be withheld until confirmed with
repeat testing. Children from approximately 1 year to 6 or 7
years of age may find it difficult or impossible to cooperate with
ERG testing. In these cases, a filament electrode may be used.
If the diagnosis is of sufficient urgency, ERG under general anes-
thesia, or with chloral hydrate sedation with continuous moni-
toring of vital signs, may be indicated. These latter methods may
not be comparable to standard ERG but can give a general idea
of whether retinopathy is present.

Electro-oculography (EOG) is most often reserved for
patients suspected of having Best disease.

Molecular testing is currently available for RP patients
through several tertiary care centers as a part of ongoing research
programs. Such testing will undoubtedly become more widely
available in the coming years. Molecular testing has several
potential benefits to patients as well as to the research commu-
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FIGURE 5-11. Standardized electroretinogram from patient with autoso-
mal recessive congenital stationary night blindness. Top to bottom:
nonrecordable selective rod response; markedly subnormal combined
rod–cone response with preferential loss of the b-wave; minimal oscilla-
tory potentials; subnormal cone response; delayed 30-Hz flicker (cone)
response.



nity. Such testing is capable of reliably identifying affected indi-
viduals before overt symptoms are present. Also, it allows one
to reassure some family members at risk for disease that they
will not develop it and to identify molecularly affected children
who will benefit from closer follow-up. Moreover, molecular
diagnosis provides a mechanism for different research centers to
compare and pool results from patients with identical muta-
tions, making it possible to evaluate correlations between geno-
type and phenotype. As these correlations are established in the
literature, molecular testing may also be useful prognostically.

Treatment
Although the photoreceptor cell death of retinitis pigmentosa
cannot at present be arrested or reversed, some vision-
threatening complications can be successfully managed.
Cataracts can be extracted when they become visually signifi-
cant.9 However, visual acuity loss in retinitis pigmentosa is
more likely to result from macular disease than from cataracts.44

A trial of systemic carbonic anhydrase inhibitors for RP patients
with cystoid macular edema is indicated, particularly when
associated with diffuse retinal pigment epithelial leakage on 
fluorescein angiography.45 Grid photocoagulation has also been
suggested for macular edema in retinitis pigmentosa.62 An
ophthalmologist should not overlook the potential benefit of
refraction and referral to a low-vision clinic to optimize the RP
patient’s visual function. It has been noted that, once vision
drops below 20/40, further decline is often rapid.96 Therefore,
children with RP require close follow-up to document changes
in vision and to allow educators to tailor the school environ-
ment accordingly. Many children have adequate vision to attend
regular school for many years, but should be counseled about
the need to consider their progressive loss of acuity and color
vision when making career choices.

Several rare syndromes have RP as an associated finding, and
some of these disorders are caused by metabolic derangements
that can be reversed or retarded with drugs, dietary manipula-
tion, or plasmapheresis. In addition, vitamin A deficiency and
certain drug toxicities, such as desferoxamine (desferal), can
mimic RP but have a much better prognosis if diagnosed early
in their course. Desferoxamine should be stopped immediately
if vision drops and/or the ERG becomes abnormal. All patients
with newly diagnosed retinitis pigmentosa should have a history
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taken and undergo a physical examination to rule out these
treatable diseases. A list of some treatable causes of retinal
degeneration can be found in Chapter 13.

High-dose vitamin A palmitate may be helpful for some
patients with retinal degenerations; there is evidence that
central vision remains stable longer. Vitamin A can be toxic in
high doses and should only be used after liver function and base-
line fat-soluble vitamin levels have been evaluated. Because the
optimal safe dose for children is not known, caution is advised
in prescribing for this age group.13 Neurotrophic growth factors
delivered by subretinal injection of adenovirus-associated
vectors has been shown to rescue photoreceptors in rats.59 In
dogs, a viral vector has been used to reverse vision loss and ERG
changes in RPE65 retinal degeneration, which is similar to
human Leber’s congenital amaurosis (LCA).1 Daily injections 
of melatonin delay photoreceptor degeneration in the rds/rds
mouse.90 Lutein dietary supplementation improved macular pig-
mentation in patients with Usher syndrome and RP, although
central vision did not improve during 6 months of study.2 A
retinal computer chip has shown early promise in restoring at
least some light perception, but results are preliminary.

Because the advances in diagnosis and treatment of RP are
increasing at such a rapid rate, consideration should be given to
referring affected patients to centers that are actively partici-
pating in RP research for at least one visit. This step not only
allows patients to personally contribute to the study of their
disease but will also provide them with an ongoing source of
current information about their condition.

MAJOR TYPES OF HEREDITARY RP

Retinitis pigmentosa has typically been classified according to
inheritance type. However, investigators have further subclassi-
fied the diseases with various electrophysiological and psy-
chophysical tests.

Autosomal Dominant RP
Twenty-two percent of all RP was found to be autosomal dom-
inant (ADRP) in one large study.23 There are often no symptoms
in childhood, but children may come to an ophthalmologist to
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rule out ADRP if they have an affected parent or other relative.
The most common forms of ADRP in North American and Euro-
pean pedigrees appear to have a later onset and less severe clin-
ical course than X-linked and recessive forms. Although some
patients report the onset of nyctalopia in the first decade,43

Tanino and Ohba found the onset of symptoms such as nyc-
talopia at a median age of 10.7 years in autosomal recessive
disease and 23.4 years in autosomal dominant disease.136 Berson
et al. found that older patients with ADRP are more likely to
retain recordable ERG amplitudes than age-matched patients
with ARRP.14

Massof and Finkelstein97 recognized two distinct types of RP
among AD and simplex patients, and Lyness et al.93 also con-
cluded that rod photoreceptor involvement appeared to be either
diffuse or regionalized. Massof and Finkelstein type 1 patients
have diffuse loss of rod sensitivity with patchy cone loss, absent
rod ERG, and night blindness from infancy or childhood,
whereas type 2 patients have a regionalized loss of both rod and
cone function with adult-onset night blindness and some record-
able rod ERG until late in life. Fishman et al. used a combina-
tion of ophthalmoscopy, electroretinography, visual fields, and
central vision to further subdivide the regional ADRP patients
into three groups with decreasing severity of symptoms.43

Rhodopsin gene mutations account for about 25% to 30%
of cases of ADRP in North America (Fig. 5-12).34,131 Rhodopsin
is the predominant protein contained within the discs of the
rod photoreceptor outer segments. It plays a pivotal role in ini-
tiating the cascade of phototransduction that ultimately leads
to the perception of light. There are at least nine different loci
where dominant mutations cause RP. At this writing, the fol-
lowing genes have been identified: rhodopsin (RHO), retinal
degeneration slow (RDS), leucine zipper motif protein (NRL), an
oxygen-regulated photoreceptor protein (RP1),12 and the retinal
fascin gene (FSCN2) in Japanese patients.139 RDS mutations
account for about 2% of cases36 whereas NRL are responsible
for 5.6%.12 Mutations in the gene for peripherin/RDS cause
ADRP40,74 as well as the more benign pattern macular dystro-
phy. The human peripherin gene has sequence homology with
the murine RDS (retinal degeneration slow) gene. Peripherin is
a protein present in the peripheral aspect of the rod and cone
photoreceptor discs. It may play a role in disc assembly or in
maintaining the stability of the disc shape.31

chapter 5: retinitis pigmentosa and associated disorders 151



Autosomal Recessive RP
Autosomal recessive RP (ARRP) is probably the most common
form of retinitis pigmentosa, although only about 9% of RP
patients can be definitely confirmed to have this type of inher-
itance.23 Many simplex cases are undoubtedly AR. Up to 40% of
recessive cases are associated with other systemic pathology or
syndromes and 18% have associated hearing loss. Autosomal
recessive inheritance of retinitis pigmentosa is suggested when
both parents of an affected individual are normal, especially if
there is consanguinity. The existence of an affected female (e.g.,
the patient, a cousin, or sibling), or of male-to-male transmis-
sion, helps differentiate this entity from X-linked RP. The clin-
ical course varies widely in age of onset from infancy to the age
of 50 or 60143 but may be more severe than most AD cases. A
homozygous null mutation in the rhodopsin gene has been
demonstrated to cause ARRP in one family.123 Mutations in the
RLBP1 gene cause ARRP of the Bothnia type, a childhood-onset
RP that may present with intraretinal white dots and has a high
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FIGURE 5-12. Denaturing gradient gel analysis of a family afflicted with
rhodopsin-associated retinitis pigmentosa (Thr-17-Met). Individuals het-
erozygous for the mutation have four bands on the gel whereas normal
individuals have a single band. Closed pedigree symbols indicate clini-
cally affected individuals. There is perfect segregation of the disease phe-
notype with the molecular genotype. (From Sheffield et al. Am J Hum
Genet 1991;49:699–706, with permission.)126



prevalence in Northern Sweden.25 Slowly progressive retinitis
punctata albescens has been associated with different mutations
of this same gene.79 Mutations in the CNGB1 gene have been
implicated in a French family with severe ARRP.7 Six genetic
loci have been identified for Usher syndrome, an autosomal
recessive form of RP associated with deafness.21,77,81,82,130

Bardet–Biedl syndrome, which presents with ARRP and obesity,
polydactyly, and renal abnormalities, has also been mapped.85a,129

Alstrom syndrome, which includes obesity RP, insulin resistant
diabetes, as well as other variable associations, is caused by
mutations of the ALMS1 gene.30a Neurological evaluation,
genetic workup, and careful physical examination may be indi-
cated in children presenting with ARRP to rule out associated
abnormalities.

X-linked Recessive RP
Significantly reduced visual function usually occurs at a younger
age in X-linked recessive RP (XLRP) (Fig. 5-13) than in other
forms of retinitis pigmentosa. Most patients with X-linked RP
are legally blind (acuity �20/200) by age 30.16,42,70 There is also
an increased incidence of myopic refractive errors in X-linked
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FIGURE 5-13. Fundus photograph of a 10-year-old boy with X-linked
retinitis pigmentosa. Note the extensive retinal degeneration by the end
of the first decade.



RP patients.127 Examination of obligate female carriers (Fig. 
5-14) occasionally reveals electroretinographic dysfunction 
and ophthalmoscopically visible pigmentary degeneration.115

Lyonization may be unfavorably skewed, causing symptoms in
some female carriers. A unique, golden metallic reflex is seen in
one form of X-linked RP carriers.114

Two distinct loci on the X chromosome are associated 
with XLRP: RP2 at Xp1119 and RP3 at Xp21.107 The RPGR gene
at XP21.1 is mutated in about 20% of families with XLRP.60

DIGENIC RP

With the ability to genotype patients with RP has come the
understanding that some patients have mutations of more than
one gene causing their disorder. Are these cases autosomal dom-
inant or recessive? Although some phenotypes require muta-
tions of two different genes to cause pathology and mutation of
either of these genes alone causes no disorder, others manifest
as one type of retinal dystrophy when one gene is mutated and
another when a second genetic mutation is added. These forms

154 handbook of pediatric retinal disease

FIGURE 5-14. Fundus photograph of a carrier of X-linked retinitis pig-
mentosa, from the mother of the patient in Figure 5-13. Note the islands
of affected retina that may represent the effect of unfavorable lyonization
of clones of retinal cells. This patient is asymptomatic even though she
is 20 years older than her son.



are termed digenic. An example is retinitis pigmentosa 
caused by co-inheritance of a peripherin mutation and a ROM1
mutation.92

LEBER’S CONGENITAL AMAUROSIS

Leber’s congenital amaurosis (LCA) is a group of ocular diseases
characterized by severely reduced vision from birth associated
with nystagmus or roving eye movements. Most of these children
also have high hyperopia,49,140 although a subgroup have myopia.66

Affected infants are often referred to an ophthalmologist when a
parent or pediatrician notices that the child does not respond to
faces, or when nystagmus or strabismus is noted. Most cases are
autosomal recessive; however, autosomal dominant pedigrees
have been reported.

Many patients with LCA, as well as other types of infantile
blindness, rub or poke their eyes. This phenomenon is called the
oculodigital sign of Franceschetti50 and has been purported to
cause enophthalmos. Although the apparent cause is an attempt
at retinal stimulation, other poorly understood factors con-
tribute, making this behavior a difficult one to stop. Cataracts
and keratoconus may be seen in older children. The reported
prevalence of neurological abnormalities in LCA varies from
17% to 37%.4,51 Most children with LCA have normal intelli-
gence, and the psychomotor retardation that has been described
may have been secondary to sensory deprivation in some
cases.111

Rare systemic associations with LCA include deafness, car-
diomyopathy, polycystic kidney disease, and osteopetrosis.86a

Mutations of at least seven genes can cause LCA. At this
writing, 15% to 28% of patients could be genotyped.131 One
causative gene is RPGRIP1 on chromosome 14q11, which
encodes a protein that interacts with the protein product of the
RPGR gene on the X chromosome35; this accounts for approxi-
mately 6% of cases of LCA.55 Mutations of the latter cause X-
linked RP. Another is the RPE65 gene, for which gene therapy
has restored vision in a dog model of LCA.1 RPE65 mutations
account for about 5% of human LCA.

An ophthalmologist confronted with an infant with con-
genital nystagmus must rule out a sensory disturbance as the
cause. In one study, 74 of 81 prospectively studied patients (91%)
with congenital nystagmus were eventually found to have one
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of the following diagnoses: albinism, LCA or “early-onset RP,”
achromatopsia, or CSNB.141 Albinism and LCA were the most
commonly observed. All these diagnoses, as well as idiopathic
congenital nystagmus, are consistent with very poor visual
responses in infancy. All but LCA/early-onset RP usually show
improvement in visual responses with age. Fundus examination
often does not aid in diagnosis. As many as one-half of patients
with LCA retain a normal fundus appearance at least until 1 year
of age, with arteriolar attenuation and optic nerve pallor more
prevalent by age 2 to 3 years. Unusual ophthalmoscopic variants
include the presence of a macular “coloboma-like lesion,”66,95

yellow flecks or white dots, a “marbleized” pattern, salt-and-
pepper pigmentary changes, and a nummular pattern.

Electrophysiological testing is essential to establishing 
the proper diagnosis. The ERG is typically extinguished in
LCA/early-onset RP, differentiating these from syndromes with
similar initial presentation. One caveat is that, because the ERG
may be normally reduced in early infancy,53 one should repeat
the ERG at a later time, especially if vision seems to be improv-
ing. For example, congenital stationary night blindness has been
reported to present as blindness in infancy with a nonrecordable
ERG that improves with age along with acuity.88,145 Children
with CSNB are often myopic rather than hyperopic, whereas the
reverse is true for most LCA patients.

Joubert syndrome can also mimic LCA. This syndrome is
characterized by neonatal tachypnea, mental retardation, agen-
esis of the cerebellar vermis, oculomotor apraxia, brainstem
malformation, and a congenital retinal dystrophy.72,83,87 The
correct diagnosis can be made by demonstrating hypoplasia of
the cerebellar vermis with neuroimaging. Patients with oculo-
motor apraxia (OMA) cannot make voluntary horizontal sac-
cades, which leads to the impression the child cannot fix and
follow. Following objects with the use of head thrusts differen-
tiates this condition from true vision loss. Patients who do not
have pigmentary retinopathy, but only OMA, may have good
vision.

Delayed visual maturation is another challenging clinical
problem that may present similar to LCA. Infants with delayed
visual maturation have normal eyes without nystagmus, but
they do not exhibit appropriate fixation responses for age. The
visual evoked potential (VEP) may be attenuated but the ERG is
normal. Many of these children have a good prognosis for devel-
opment of normal vision.41,88,142
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Multisystem metabolic syndromes such as infantile phy-
tanic acid storage disease and infantile neuronal ceroid lipofus-
cinosis should also be considered in the differential of a young
child with poor vision and an abnormal ERG. Most, but not all,
of these children have neurological abnormalities at the time of
presentation. Intrauterine infections should also be considered
(see Congenital Retinal Disease section in Chapter 13).

RETINITIS PIGMENTOSA ASSOCIATED
WITH SYSTEMIC DISEASES

A more detailed and systematic approach to RP associated with
systemic disease can be found in Chapter 13. Only the most
common examples of RP associated with major systemic syn-
dromes are discussed here.

Usher Syndrome
When retinitis pigmentosa is associated with sensorineural
hearing loss, the disorder is termed Usher syndrome. This con-
dition is the most common cause of combined deaf-blindness in
the United States, and represents a heterogeneous group of auto-
somal recessively inherited diseases. Of children born with
hearing impairment, 3% to 6% have Usher syndrome. Lack of
recognition of the coexistence of RP in deaf children may lead
to years of frustration, with visual field decrease mistaken as
clumsiness. For this reason, all deaf children should have a
screening ERG at about age 7 or 8 years, earlier if there are any
symptoms of RP. Studies by Merin et al. and Fishman et al. have
suggested two common types, and a third rarer subtype; these
subtypes are termed USH1, USH2, and USH3.47,99

Type I Usher’s patients have profound congenital sen-
sorineural hearing loss, usually resulting in unintelligible
speech, and mild nonprogressive ataxia associated with absent
vestibular function. Slowly progressive retinal degeneration 
is often noted in early adolescence, with severe impairment 
of vision around the age of 40. Type II patients have a moderate
to profound, nonprogressive, congenital sensorineural impair-
ment, generally intelligible speech, and normal vestibular
responses. Visual deficits tend to occur in later adolescence, 
and good vision is likely to be preserved until 50 to 60 years 
of age.117
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Visual fields and dark adaptation are abnormal in Usher’s
syndrome, often by adolescence. The ERG is typically extin-
guished or very reduced at presentation in type I. In Type II the
ERG is usually recordable. Consultation with otolaryngology 
is essential because vestibular dysfunction is the best way to 
distinguish between the two types of Usher syndrome. A rapid
initial screen may be performed in the office by having the child
or an affected relative attempt toe-to-heel walking. Patients 
with type I Usher’s syndrome usually have difficulty with 
this maneuver. The differential diagnosis of Usher syndrome
includes Alstrom disease, Bardet–Biedl syndrome, Refsum
disease, Cogan syndrome, retinal-renal syndromes, and Leber’s
congenital amaurosis, as well as the mitochondrial myopathies
and mucopolysaccharidoses. There are at least six different
genetic loci for USH1; one of the common causative genes is
MYO7A. One of the genes causing USH2 is the USH2A
gene.4a,18,91 Cochlear implant surgery can restore hearing to many
children with Usher syndrome.

Alstrom Syndrome
Alstrom disease103 presents with impaired vision from the first
year of life with nystagmus, photoaversion, and an atypical pig-
mentary retinopathy, which progresses to bare light perception
by the second decade. Bull’s-eye maculopathy may be present,
and the cone portion of the ERG is abnormal before the rods.
Childhood obesity, insulin-resistant diabetes mellitus, sen-
sorineural deafness, and normal mentation are characteristically
present. Variably present associations include acanthosis nigri-
cans, baldness, hypogonadism, and life-threatening renal failure.
Alstrom syndrome has been mapped to chromosome 2p and is
autosomal recessive.30

Bardet–Biedl Syndrome
Bardet–Biedl syndrome is an autosomal recessive, multisystem
disease characterized by obesity, polydactyly, hypogenitalism,
mental retardation, and pigmentary retinopathy. Macular
pigment mottling is present with relatively little of the typical
bone spicule-like hyperpigmentation. When recordable, a
rod–cone dystrophy appears to be most common. Postaxial poly-
dactyly, brachydactyly, and syndactyly, which are common in
Bardet–Biedl patients, may be subtle and easily overlooked, par-
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ticularly if surgery was performed early in life. Diagnosis
requires examination of feet and hands and may require radiog-
raphy. Various authors have argued for distinguishing
Bardet–Biedl from the entity of Laurence–Moon syndrome.
Patients with the latter develop spastic paresis and extensive
choroidal atrophy but lack polydactyly and obesity.26 Mutations
in the MKKS gene cause Bardet–Biedl syndrome.78,129

Retinal-Renal Syndromes
Retinitis pigmentosa may be associated with renal failure. 
Juvenile nephronophthisis or Senior–Loken syndrome is an 
autosomal recessively inherited disease that features a retinal
pigmentary degeneration which may be sectoral, and juvenile-
onset renal failure, often requiring renal transplant.125 The
Saldino–Mainzer syndrome features congenital blindness and
renal disease.94

Neuronal Ceroid Lipofuscinosis
The neuronal ceroid lipofuscinoses or lipopigment storage dis-
eases (e.g., Batten’s disease) are lysosomal storage diseases that
are associated with retinal degeneration and neurological deteri-
oration. The infantile form (Haltia–Santavuori) is an autosomal
recessive disorder characterized by delayed mental and motor
development after a normal first 6 months of life. Patients have
nonrecordable ERGs and are totally blind by 2 to 3 years of age.
The mean age of death is 6.5 years. The late infantile form
(Jansky–Bielschowsky) generally occurs between 2 to 4 years of
age and begins with seizures, followed by ataxia, delayed mental
and motor development, and decerebrate rigidity before death.
Optic atrophy and pigmentary retinopathy accompany the
visual loss. Unlike the first two forms, the juvenile type
(Batten’s, or Spielmeyer–Batten–Vogt) begins with visual loss
before the onset of neurological deterioration. Central visual loss
begins between the ages of 3 and 7, with death from neurologi-
cal complications by 20 years.119,132 The diagnosis of infantile
ceroid lipofuscinosis may be aided by the finding of electron-
dense bodies within neurons from a rectal biopsy or sural nerve,
lymphocytes, brain, or conjunctiva. However, these changes are
somewhat nonspecific.24 Mutations in the CLN1, CLN2, and
CLN3 genes cause infantile NCL, late infantile NCL, and juve-
nile NCL, respectively.148
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OTHER PHOTORECEPTOR DISORDERS

Congenital Stationary Night Blindness
Congenital stationary night blindness (CSNB), similar to RP, is
characterized by abnormal scotopic vision. Three main forms of
CSNB have been described: (1) X-linked, the most common; (2)
autosomal dominant, typified by the large French Nougaret pedi-
gree; and (3) autosomal recessive, which is rare. Most cases 
of the latter have been in consanguineous or Jewish families.
Snellen visual acuities of CSNB patients range from normal to
20/200, with most cases of severely decreased vision associated
with myopia.64,101 Khouri and colleagues reported a family of X-
linked CSNB and hyperopia.80 Unlike RP patients, the visual
function remains stable throughout life, with rare reports of
slowly progressive loss of vision.5 With the exception of myopic
changes, the fundus appearance of CSNB patients is normal.
Although dark adaptometry curves are typically 2 to 3 log units
above normal, some CSNB patients do not complain of nyc-
talopia.118 The most common reasons for presentation in child-
hood are nystagmus, decreased vision, and myopia. Patients
with the latter signs invariably have the X-linked or autosomal
recessive forms of the disease, because in the autosomal domi-
nant or Nougaret form of CSNB the vision is normal and there
is no nystagmus.

Electroretinography is important in the diagnosis of CSNB,
and there are several classifications of patients based on these
studies. The negative ERG in X-linked and autosomal recessive
CSNB, characterized by a selective loss of the b-wave amplitude,
is called the Schubert–Bornschein type.124 The photopic a-wave
may also be squared off secondary to a lesser contribution of the
early components of the oscillatory potentials. The much rarer
Riggs type121 appears to be associated with autosomal dominant
forms of CSNB and has a relatively normal a- and b-wave 
configuration, with absent rod responses and subnormal cone
responses.

Miyake et al. classified the more prevalent Schubert–
Bornschein patients into “complete” and “incomplete” types.105

Patients with the “complete” type of CSNB have poor rod func-
tion and absolute psychophysical thresholds that are mediated
by cones. Rod responses are selectively diminished on the elec-
troretinogram. Patients with the “incomplete” type of CSNB
still have rods mediating threshold but the threshold is elevated.
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Interestingly, the ERG reveals marked cone dysfunction in
incomplete CSNB, whereas in the complete type cone function
is not as severely affected. The validity of Miyake’s subtyping is
indirectly supported by the lack of any reports finding both sub-
types within the same pedigree.

The rate of rhodopsin turnover following a bright light
bleach is normal in AD CSNB.27 Alpern and associates studied
pupillary responses and found that rod bleaching signals were
normal in spite of poor rod vision, further suggesting that the
defect in CSNB is postreceptoral.3 X-linked CSNB has been
mapped to Xp11.108 Mutations in the NYX gene cause X-linked
complete congenital stationary night blindness.11 Mutations in
the CACNA1F gene on Xp11.23 cause another, incomplete
form.10 Autosomal dominant CSNB of the Nougaret type 
has been attributed to mutations in the GNAT1 gene on 
3p22.37 Various forms of CSNB have been shown to be caused
by a number of genes including those which encode rhodopsin,
the alpha subunit of rod transducin, the beta subunit of rod
cGMP phosphodiesterase, rhodopsin kinase, arrestin, 22 cis
retinol dehydrogenase, and a retinal L-type calcium channel.34

In these disorders the rods are present and function, but 
abnormally.

There are several rare forms of autosomal recessive CSNB
which feature very prolonged recovery of absolute threshold of
light sensitivity. These forms differ from the more typical types
discussed previously in that they do not have a normal fundus
appearance. Fundus albipunctatus is characterized by fine
yellow-white dots scattered throughout the retina except for the
fovea. There are no other gross abnormalities of the optic nerve,
retinal vessels or pigment. Mutations in the RDH5 gene on chro-
mosome 12q13–q14 have been reported in this disorder.147

Patient’s with Oguchi disease may exhibit the Mizuo-Nakamura
phenomenon under the proper circumstances. This phenome-
non is the appearance of an unusual yellow iridescent sheen in
the retina following light exposure which gradually resolves in
the dark.106 Mutations of the SAG(arrestin) and RHOK (Rho
kinase) genes cause Oguchi disease.52,147 The fleck retina of
Kandori is a very rare condition which features larger, more
irregular yellow flecks than seen in fundus albipunctatus. Elec-
trophysiologic and psychophysical findings are similar to fundus
albipunctatus.76 Although Oguchi disease and fundus albipunc-
tatus are considered stationary, some patients lose vision in late
adulthood.
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Cone Dystrophies

The cone dystrophies, like the rod-cone dystrophies, represent a
heterogeneous group of diseases. Cone dystrophies and cone-rod
dystrophies can be inherited in an autosomal dominant, auto-
somal recessive fashion, or X-linked fashion.

The diagnosis of cone dystrophy is suggested by a history 
of central acuity loss and poor color discrimination, often
accompanied by nystagmus, severe photophobia, and pho-
toaversion. Cone–rod dystrophies are essentially the reverse of
rod–cone dystrophies or RP in that they are progressive retinal
dystrophies but begin with central vision loss and cone dys-
function rather than peripheral loss and dark adaptation diffi-
culties. Ophthalmoscopy may show a symmetrical “bull’s-eye”
pattern of macular atrophy, particularly in the autosomal dom-
inant form, although this clinical picture is not specific (see
Chapter 13 for the differential diagnosis of “bull’s-eye” macula).
A more diffuse atrophy of the retina and retinal pigment epithe-
lium in the macula may be seen in the autosomal recessive
forms.48 Electroretinography shows selective loss of cone func-
tion, which helps distinguish macular pigmentary changes 
in cone dystrophy from Stargardt’s disease and fundus 
flavimaculatus.

Rod involvement may eventually become evident on ERG,
and perimetry may show constricted visual fields or ring
scotoma.84,122 Ophthalmoscopy at later stages often shows bone
spicule-like hyperpigmentation and atrophy in the periphery
similar to typical rod–cone degenerations. If severe, symptoms of
nyctalopia may be found. The latter are often called cone–rod
dystrophies to describe the predominant cone involvement with
accompanying rod dysfunction.

Other patterns of cone dysfunction have been reported in
which full-field ERG results appear normal. Selective central or
peripheral cone involvement has been documented.85,112,122 The
more typical cone dystrophies described previously may also
show telangiectasias of the optic nerve head and temporal disc
pallor as well.63 Early in the course of the disease, cone–rod dys-
trophy may appear to resemble Stargardt disease. The former is
progressive whereas the latter is not; therefore, documentation
of a stable ERG is necessary for a definitive clinical diagnosis of
Stargardt disease.

Autosomal dominant cone–rod dystrophy is caused by
mutations in the guanylate cyclase 2D gene (GUCY2D) on 
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chromosome 17p, the RDS/peripherin gene on 6p12, GUCA1A
on 6p21, CRX on 19q, and three other loci on 6q and 17q.33

Dyschromatopsias (Color Blindness)
Normal males have one normal red pigment gene and one to
three green pigment genes in a tandem array on their single 
X chromosome. Unequal homologous recombination during
meiosis can give rise to a variable number of green pigment
genes yet still produce a complement with normal color vision.
Congenital dyschromatopsias (inherited disorders of color
vision) result from either a complete loss of red or green pigment
genes or a hybrid red-green pigment gene whose spectral char-
acteristics are anomalous.109 Acquired dyschromatopsias (disor-
ders of color vision caused by disease) are probably related to
selective loss of function of cone photoreceptors or their associ-
ated higher-order neurons.61

The ophthalmologist is often asked to evaluate a child’s color
vision because of poor performance on certain color-related tasks,
or positive family history, or to aid in diagnosing an ocular con-
dition. Color vision testing in children is a challenge. Many chil-
dren misname colors early in life despite normal vision (this is a
common cause of requests for color vision testing). The standard
Ishihara plates can be used to screen children on a routine basis.
Even if a child cannot yet identify numbers, he or she can be asked
to trace the numbers on the plates. The Ishihara plates only test
for red-green deficiency and may therefore miss patients with
blue-yellow defects. For this reason, they are most useful for
detecting congenital dyschromatopsia. The Hardy Rand Rittler
plates detect yellow-blue defects and utilize shapes instead of
numbers. The D-15 test detects a broad range of color defects but
may be more difficult for younger children because it involves
matching similar colors. A gross evaluation of color vision may
be obtained by having children match pieces of colored yarn or
other objects.

The most common cause of defective color vision in 
childhood is a congenital dyschromatopsia. These disorders 
are classified according to the types of cone pigments 
present. Trichromats possess all three types: red, green, and 
blue. Dichromats have only two of the three pigments and
monochromats only one. The terminology becomes complex
when naming the associated color vision defects; protanomaly
(a “defect of the first type”) is a loss of red sensitivity, 
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deuteranomaly (“defect of the second type”) a loss of green, 
and tritanomaly (“defect of the third type”) a loss of blue. If 
the loss of sensitivity is complete, the suffix changes to “opia,”
for example, from protanomaly (partial loss of red sensitivity) 
to protanopia (complete loss of red sensitivity). Sophisticated
testing is often necessary to exactly categorize a given defect.
The most common types are X-linked deuteranomaly, deut-
eranopia, and protanopia. Approximately 6% of Caucasian
males have this form of dyschromatopsia, which can often be
diagnosed by Ishihara plates. Inherited tritanomaly and tri-
tanopia are much more rare (0.005% of the population) and 
are autosomal dominant. Visual acuity is normal in these 
entities.

Complete achromatopsia (rod monochromatism) is a rare
autosomal recessive condition. Individuals are truly “color-
blind,” interpreting the world in shades of gray. The Sloan achro-
matopsia test is a good test to aid in this diagnosis but may be
difficult to perform in children. This condition usually presents
with nystagmus and marked photophobia in early childhood,
with color vision defects demonstrated later in life when the
child can cooperate. Visual acuity is poor, usually in the 20/200
range. Darkly tinted lenses may improve visual function, even
indoors. Achromatopsia is caused by mutations in the CNGA2
gene, which encodes the alpha-subunit of the cone photorecep-
tor cGMP-gated channel,146 and in the CNGB3 gene, which
encodes the beta-subunit of the cone cyclic nucleotide-gated
cation channel that generates the light-evoked electrical
responses of the cones.134 The latter is the cause of achro-
matopsia in the Pingelapese islands.

Incomplete achromatopsia (blue cone monochromatism) is
a condition in which patients have only short-wavelength, blue
cones that function normally. There are nonhomologous dele-
tions near the beginning of the red and green genes, which inac-
tivates production of these two pigments.110 Deletions of the
locus control region upstream of the red and green pigment
genes, deletions of red pigment exons, and point mutations in
isolated pigment genes caused by rearrangements have all been
reported.6,86 It is inherited as an X-linked recessive condition and
features males with poor vision from birth, ranging from 20/60
to 20/200 vision. Retinal pigmentary changes and a slow
decrease in visual acuity may be seen over time in adulthood.
The Berson color vision test may be used to distinguish blue
cone monocromatism from complete achromatopsia.17 Carrier
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females may have subtle ERG and eye movement abnormali-
ties.15,56 The differential diagnosis for these conditions includes
albinism, CSNB, and congenital motor nystagmus. The latter
may be X linked, but maps to a different locus.79a Acquired color
vision loss may be caused by seizure medication such as viga-
batrin and carbamazepine, toxins such as styrene, and com-
binations of substances such as melatonin, zoloft, and
high-protein diet.89,113,137

OTHER RP-LIKE RETINAL DISORDERS

Unilateral Pigmentary Retinopathy
Most investigators believe that the concept of unilateral retini-
tis pigmentosa is flawed and favor the term unilateral pigmen-
tary degeneration. Unlike classic RP, there is usually no family
history, and the onset of the disease is relatively late. Although
a few cases of rhodopsin-associated ADRP may present with a
falsely negative family history, mild functional involvement,
and very asymmetrical retinal changes, unilateral retinal pig-
mentary degeneration in a child should not be considered 
RP unless all other possible diagnoses have been excluded.
Although typical retinitis pigmentosa may exhibit some degree
of asymmetrical involvement, both eyes manifest the disease.
Strict criteria for the diagnosis of unilateral pigmentary degen-
eration demand that the fellow eye have a normal ophthal-
moscopic appearance, as well as psychophysical and
electroretinographic function that does not deteriorate over
time.28

Reported causes for unilateral pigmentary degeneration
include trauma, a transient ophthalmic artery occlusion,28 long-
standing serous detachment of the neurosensory retina from 
an optic pit,120 asymmetrical Toxoplasmosis, Rubella,
Cytomegalovirus, Herpes simplex virus (TORCH) infections,
and retained intraocular foreign body.8,29 The inflammatory
response to a subretinal parasite known as the diffuse unilateral
subacute neuroretinitis (DUSN) syndrome54 could be added to
the differential diagnosis of unilateral disease. A careful birth
and prenatal history should be taken, because retinopathy of pre-
maturity is often asymmetrical and may leave retinal pigmen-
tary changes in one eye as a result of either the disease or the
treatment.
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X-Linked Juvenile Retinoschisis
The diagnosis of X-linked juvenile retinoschisis is usually made
on the basis of ophthalmoscopy and an X-linked recessive
pattern of inheritance. Children with this disease usually come
to attention because of decreased vision on school screening or
acute vision loss from vitreous hemorrhage. Foveal retinoschi-
sis is found in nearly all cases, with peripheral retinoschisis
present in 50% of cases. Atrophic macular lesions are rarely
seen. The vitreous body is optically empty or contains dense
bands. Red-free photographs are often useful to diagnose foveal
retinoschisis, and a lack of dye leakage on fluorescein angiogra-
phy can help make the correct diagnosis if cystoid macular
edema is erroneously suspected as the cause of poor vision. Elec-
troretinography should be performed and generally shows a
selective loss of the b-wave amplitude. In spite of an apparent
selective foveal involvement by ophthalmoscopy in 50% of
cases, involvement of the full-field electroretinogram suggests
panretinal disease. In addition to predominant b-wave loss, dys-
function of the inner retinal layers is suggested by markedly
reduced oscillatory potentials.104 The XLRS1 gene on Xp22 has
been found to harbor mutations in this disorder.18

OTHER SYNDROMES

The Goldman–Favre syndrome is a very rare autosomal reces-
sive condition, reported mainly in the European literature.
Affected patients typically complain of nyctalopia and have an
“optically empty” vitreous with a nonrecordable ERG.46 It is the
most severe form of enhanced S-cone syndrome caused by muta-
tion of the nuclear receptor gene, NR2E3.60a Patients with gyrate
atrophy present with nyctalopia at 20 to 30 years of age and have
poorly recordable rod and cone ERGs with constricted visual
fields. They are usually myopic, with cataracts and characteris-
tic nummular areas of chorioretinal atrophy. Pedigree analysis
suggests autosomal recessive inheritance. Biochemical studies
reveal hyperornithemia and a reduction in ornithine alpha-
aminotransferase activity. Dietary modifications ameliorate the
disease.138,144 Affected males with the X-linked disorder choroi-
deremia usually complain of nyctalopia between 20 and 30 years
of age and may have a fundus appearance at some stages of the
disease similar to patients with gyrate atrophy. Deterioration of
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the RPE and choroid is progressive and does not feature exten-
sive pigmentary clumping, as is typical in RP. ERGs are
markedly affected early in life as are the visual fields.128 The pre-
ponderance of male involvement within the pedigree and the
characteristic radial, “splattered mud” pattern of hyperpigmen-
tation in the periphery of carrier females helps distinguish this
X-linked recessive disease from gyrate atrophy. The choroi-
deremia gene (CHM) has been identified and maps to Xq21.2.32

Gyrate atrophy is AR and is caused by mutations of the
ornithine aminotransferase gene on 10q26.102 Spinocerebellar
ataxia type 7 (SCA7), also called olivopontocerebellar atrophy
type III, may present as a retinal degeneration in infancy or child-
hood. It is usually accompanied by ophthalmoplegia, ataxia, and
progressive neurological deterioration. This disorder is autoso-
mal dominant and maps to chromosome 3p. Expansions of CAG
repeats in the gene affect the protein product, ataxin 7. Normal
alleles have from 7 to 16 repeats whereas abnormal alleles have
more than 41.58 The more repeats present, the worse the disease,
and because repeats tend to increase with succeeding genera-
tions, especially if transmitted by the father, the disorder may
be worse with each generation. Parents should be examined
closely for subtle maculopathy or mild ataxia.

SUMMARY

The application of molecular biology to clinical medicine is a
relatively recent development but has already had great impact
upon our understanding of disease processes. It has improved our
ability to care for RP patients by allowing us to establish a diag-
nosis of ADRP, even when clinical suspicion may be low, as well
as to remove the fear of disease from unaffected relatives. Refine-
ment in the diagnosis of simplex cases, where no family history
is available, is now possible for many retinal dystrophies using
molecular genetic techniques to identify abnormal candidate
genes. Early success in treating retinal degenerations in animals
give us hope that advances in the molecular understanding of
retinal degenerations can soon be translated into more effective
treatments for these diseases.
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Disorders of the Vitreous
and Vitreoretinal Interface

David M. Brown and Thomas A. Weingeist

The human vitreous is a complex extracellular matrix com-
posed of 98% water and 2% solid material. The basic struc-

ture of the vitreous matrix is a scaffold of cross-linked collagen
fibrils with hyaluronic acid molecules within the scaffold.
Hyaluronic acid is very hydrophilic, and water molecules are
attracted to the scaffold providing turgor and rigidity to the
matrix. The vitreous is primarily a solid gel in children’s eyes
but becomes progressively more liquid with aging. Liquefaction
of the vitreous occurs when the hyaluronic acid depolymerizes,
freeing the bound water and allowing the collagen scaffold to
collapse. The collagen filaments then coalesce to form collagen
fibers, causing the “floaters” seen by patients with aging of the
vitreous.

Several hereditary degenerative conditions are characterized
by an abnormal appearance of the vitreous gel structure and
associated retinal changes. Because of the intimate relationship
between the vitreous and the retina, it is often difficult to iden-
tify which tissue is primarily affected. Some of these diseases
may arise from abnormal formation or accelerated degenerative
changes of the vitreous body that lead to secondary retinal
changes. Other entities are most likely caused by abnormal
development of retinal vasculature, which leads to secondary
vitreous degeneration in the areas of avascular retina.

Many of the vitreoretinopathies discussed in this chapter
have similar findings with only a few differentiating points.
Table 6-1 provides an introduction to these disorders and 
demonstrates the overlapping clinical findings in many of the
diseases.
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LATTICE DEGENERATION

Lattice degeneration is the most common vitreoretinal abnor-
mality and occurs in 6% to 8% of the population. It is asymp-
tomatic unless complicated by retinal tears or detachment.
Lattice degeneration is an important clinical entity in this regard
because it is responsible for 20% to 30% of all rhegmatogenous
retinal detachments. It is more common in patients with
myopia, and is found in both sexes and all races.

Ocular findings in lattice degeneration are limited to the vit-
reous and retinal changes. The lesions consist of a localized
thinning of the inner retinal layers, an overlying adjacent zone
of liquified vitreous surrounded by a sheath of condensed vitre-
ous fibrils, and a firm attachment of the vitreous sheath to the
edges of the retinal lesion.7 Other retinal changes are observed
in some cases: pigmentation (seen to some degree in 82%) (Fig.
6-1); whitish-yellow surface flecks; round, oval, or linear white
patches or red craters; small atrophic round holes; branching
white lines; yellow atrophic spots (depigmentation of the
pigment epithelium); and, rarely, tractional tears at the ends or
posterior margins of the lesions.8 The characteristic white lines
are blood vessels coursing through the lattice lesion and are not
required for the diagnosis (Fig. 6-2). Retinal detachments occur
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FIGURE 6-1. Pigmented oval lattice degeneration lesions in the midpe-
riphery in an asymptomatic patient.



in 2% of patients with lattice degeneration by two distinct
pathogenetic mechanisms. The most common type usually
occurs in patients over age 50 and is initiated by a sudden pos-
terior vitreous detachment that in turn leads to a tractional
retinal tear in a lattice lesion or at a vitreoretinal adhesion in a
clinically normal area.9 The other type of detachment, which
occurs in younger patients without posterior vitreous detach-
ments, is caused by atrophic holes present in the lattice lesions.
These detachments are often asymptomatic and limited in
nature.

The prevalence of lattice degeneration is essentially
unchanged throughout life, and new lesions are generally not
seen after the second decade.15 Thus, lattice degeneration is pre-
sumed to be a localized developmental lesion of the vitreoreti-
nal juncture. Although the vitreous overlying the clinical lattice
lesions is liquefied, there are no central vitreous changes (lique-
faction or synchysis senilis) or premature posterior vitreous
detachment in patients with lattice degeneration. Likewise,
there are no known systemic associations. Inheritance is proba-
bly polygenic, although pedigrees with autosomal dominant
inheritance have been reported.8
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FIGURE 6-2. Retinal detachment associated with retinal break in lattice
degeneration. The characteristic white lines are blood vessels coursing
through the lattice lesion.



Most lattice lesions are asymptomatic and are never associ-
ated with retinal detachments. Similarly, only about 1 in 365
patients with atrophic holes in lattice actually develops retinal
detachments. Thus, prophylactic treatment of lattice lesions 
is not recommended. Tractional tears associated with lattice
degeneration are an indication for demarcation with laser pho-
tocoagulation or cryotherapy because 10% to 27% of these will
progress to retinal detachment. New holes and tears may
develop in lattice with time. All patients with lattice degenera-
tion should have a yearly indented peripheral retina exam. They
should also be told about the symptoms of a retinal detachment
and should return immediately for examination if any new
floaters or photopsias occur.

STICKLER SYNDROME

In 1965, Stickler and associates described a syndrome they
termed hereditary progressive arthro-ophthalmopathy.42 Stick-
ler documented the association of high myopia, total retinal
detachments in the first decade of life, and premature degener-
ative changes of the articular cartilage. Subsequent reports have
demonstrated that Stickler syndrome is inherited as an autoso-
mal dominant trait, and it is thought to be the most common
autosomal dominant connective tissue dysplasia in the Ameri-
can Midwest.21

Ocular features include high myopia (	8.00D to 	18.00D)
and frequent retinal detachments, often in the first decade of life.
The vitreous appears optically clear with syneretic vitreous
strands, vitreous membranes, and veils (Fig. 6-3). Vitreous degen-
eration can present as early as several months of age, or the vit-
reous can appear normal into the second decade of life. The retina
often has perivascular pigmentary changes, but bone spicule-like
pigment is not seen (Fig. 6-4). Chorioretinal degeneration and
retinal breaks are prevalent, and these lead to complicated retinal
detachments in up to 50% of affected eyes. Primary open-angle
glaucoma or ocular hypertension occur in up to one-third of
affected patients. Presenile nuclear sclerotic cataracts are often
seen before age 45 and up to 20% of patients have peripheral cor-
tical comma-shaped cataracts (Fig. 6-5) that may remain station-
ary throughout life.40,46

Systemic manifestations include orthopedic and orofacial
abnormalities. Premature degenerative changes of the weight-
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bearing joints are one of the most constant features of Stickler
syndrome. Almost all patients complain of joint problems and
exhibit generalized epiphyseal dysplasia. Radiographs reveal dis-
tortion of the distal radial carpal angle and generalized dysplas-
tic changes of the distal femur, the proximal tibia, the distal
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FIGURE 6-3. Syneretic vitreous veils and perivascular pigmentation in a
patient with Stickler syndrome.

FIGURE 6-4. Severe pigmented lattice degeneration and perivascular pig-
mentation typical of Stickler syndrome.



radius, and the distal tibia (Figs. 6-6, 6-7). Orofacial anomalies
such as submucous clefting of the palate, bifid uvula, and other
abnormalities of the palate are noted in up to 75% of patients.
Clinically, many patients appear to have midfacial flattening,
but facial bone development is normal.46 Other associations
include sensorineural hearing loss and the Pierre–Robin
anomaly. Mitral valve prolapse is also found in up to 46% of
patients with Stickler syndrome.40

The genetic defect in many Stickler pedigrees has been
shown to be individual mutations in the procollagen II gene.1,6,27

Most of these mutations result in the premature termination of
translation of the procollagen chain. Genetic heterogeneity
exists because several other Stickler families have been excluded
by linkage analysis at the collagen II locus.17,26 Collagen type II
is the primary fibrillar collagen of secondary vitreous and carti-
lage, and it is not surprising that abnormalities in the structure
or function of collagen II are involved in the pathogenesis of
Stickler syndrome.

Management of Stickler syndrome includes early evaluation
of those at risk, long-term monitoring of those affected, timely
intervention, and genetic counseling.38 Children suspected to be
affected with Stickler syndrome should have routine cycloplegic
refractions, and myopic corrective lenses should be prescribed
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FIGURE 6-5. Peripheral cortical “wedge” cataract common in patients
with Stickler syndrome.
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FIGURE 6-6. Left: normal pelvis. Right: anterior posterior radiograph of
pelvis revealing stunting of the growth of the femoral epiphysis as well
as stunting of the growth of the greater trochanter. Note irregularity of
the joint surface. (Courtesy of March of Dimes Birth Defects Foundation,
from Birth Defects Original Article Series, 1982;18:542.)

FIGURE 6-7. Left: normal ankle. Right: Stickler’s syndrome anterior pos-
terior radiograph of the ankle shows some stunting of the growth of the
distal tibia with an abnormal slant to the distal tibia and shortening of
the tip of the medial malleolus. (Courtesy of March of Dimes Birth
Defects Foundation from Birth Defects Original Article Series, 1982;18:
542.)



when necessary to prevent ametropic amblyopia. Careful
indented ophthalmoscopy looking for retinal breaks should be
performed at least semiannually with treatment of new tears.
Cataract extraction is often necessary when the nuclear sclerotic
changes become visually significant. In cases of marked reduc-
tion of visual acuity, retinoscopy is often required to detect clear
nuclear changes of the lens that can appear minimal by slit lamp
examination. Retinal detachments are often difficult to manage
because they can be associated with multiple posterior breaks,
giant retinal tears, and cataracts. Otolaryngological consultation
should be obtained to manage associated clefting and hearing
abnormalities, and orthopedic evaluation should be sought to
manage arthralgias and degenerative joint changes.

WAGNER’S DISEASE AND EROSIVE
VITREORETINOPATHY

Wagner’s disease19,45 and erosive vitreoretinopathy5 are two
extremely rare vitreoretinal disorders that should not be con-
fused with the common Stickler syndrome. These disorders are
both linked to a similar region on chomosome 5q13–14 known
to encode two proteins (link protein and versican)4 that are
involved in hyaluronan binding in the vitreous.34 The disorders
are probably allelic at the same gene, with different mutations
accounting for the marked disparity in retinal detachment rates
between the disorders. It is possible that these two rare disor-
ders are only present in relatives of the two separate families.

Unlike Stickler syndrome, neither Wagner’s disease nor
erosive vitreoretinopathy has any of the systemic manifestations
seen in Stickler syndrome. Both disorders have marked vitreous
syneresis (described as optically clear), mild to moderate myopia
(	3.00 to 	5.00), and early cataract formation. Both disorders
are characterized by a characteristic progressive retinal pigment
epithelium (RPE) and choroidal atrophy (described as erosion of
the RPE) that progresses to bone spicule-like pigment formation,
marked constriction of visual fields, and eventual loss of central
visual fields with a choroideremia-type appearance.

More than 50% of patients with erosive vitreoretinopathy
have severe rhegmatogenous retinal detachments, often from
giant retinal tears and multiple posterior breaks. These detach-
ments are very difficult to repair and should be referred to 
very experienced vitreous surgeons. Fortunately, patients with
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Wagner disease rarely demonstrate rhegmatogenous detach-
ments,28 although vitreous traction is described in 15% of
patients.19

Patients have early complaints of reduced night vision, but
central vision is generally normal until reduced by cataract for-
mation at age 30 to 40. Lens changes consist of dotlike opacities
on the posterior and anterior lens cortex. Vision is generally
restored to normal by cataract surgery in patients, but progres-
sive visual field loss occurs secondary to the choroidal and
retinal atrophy. Patients with erosive vitreoretinopathy also lose
significant vision from retinal detachments and secondary com-
plications of retinal detachment repair.

Psychophysical tests reveal concentric constriction of the
visual field in both disorders. Electroretinography reveals
reduced b-wave amplitudes that may progress to an extinguished
ERG.

Management of both disorders consists of genetic counsel-
ing and cataract extraction when the lens changes become visu-
ally significant. Patients with erosive vitreoretinopathy should
be screened in infancy and annually for peripheral retinal pathol-
ogy, with timely surgical intervention instituted for retinal
breaks and detachments. No intervention is known to prevent
the pigmentary degeneration of the retina in either condition.

GOLDMANN–FAVRE SYNDROME

Goldmann–Favre vitreotapetoretinal degeneration is an exceed-
ingly rare condition consisting of progressive loss of vision 
due to retinoschisis, progressive cataract, and pigmentary chori-
oretinal degeneration with bone spicule-like formation. It is
inherited in an autosomal recessive fashion. It is quite rare and
shows no sex predilection.

Most patients present between the ages of 10 and 20 because
of night blindness and poor vision.41 Slit lamp examination
reveals extensive liquefaction of the vitreous with multiple
strands of condensed vitreous. Fundus changes include pale
optic discs, sheathing of arteries and veins, and peripheral bone
spicule-like pigmentary changes (Fig. 6-8). Extensive peripheral
retinoschisis begins between the the equator and the ora serrata
and may progressively involve the central retina. Generally, the
central macula has microcystic changes and a “beaten copper”
appearance. Fluorescein angiography can differentiate these
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changes from cystoid macular edema because there is no late
staining of the cystic spaces in Goldmann–Favre syndrome. The
macular changes may be isolated from or be continuous with
the peripheral area of schisis.38 Presenile posterior subcapsular
cataracts develop in most cases.

Patients with Goldmann–Favre syndrome have nonde-
tectable or strikingly abnormal electroretinographic responses.14

In young patients with electroretinography (ERG) responses that
are still recordable, scotopic a-waves have reduced amplitudes.
The photopic and scotopic amplitudes may be essentially iden-
tical. Dark adaptation is also abnormal very early in the disease,
with elevated rod thresholds or, in some cases, a monophasic
cone-mediated threshold. Visual field testing reveals dense ring
scotomas similar to typical retinitis pigmentosa.

Central visual loss is generally related to the macular
retinoschisis and occurs early in the disease. The visual acuity
is often reduced to 20/200 in childhood. The retinoschisis is pre-
sumed to be a splitting of the nerve fiber layer, and holes in both
the outer and inner layer may occur.

No systemic manifestations are associated with Goldmann–
Favre syndrome. Laser treatment and immunosuppressive therapy
have been reported to be beneficial in some patients.
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FIGURE 6-8. Vitreous strands, attenuation of retinal vessels, and periph-
eral pigmentary changes in a patient with Goldmann–Favre syndrome.
The electroretinogram was nonrecordable.



X-LINKED JUVENILE RETINOSCHISIS

Juvenile X-linked retinoschisis (also known as congenital hered-
itary retinoschisis, congenital vitreous veil, cystic disease of the
retina in children, and sex-linked juvenile retinoschisis) was first
described in 1898 by Haas.20 Although relatively rare worldwide,
juvenile X-linked retinoschisis is the most common X chromo-
some disorder in Finland and is the most frequent cause of bilat-
eral impairment of vision in boys in large parts of Finland.16 It
is transmitted as an X-linked recessive trait, occurring almost
exclusively in males, and is invariably bilateral. No abnormali-
ties are found in female carriers. The disease has been mapped
to the short arm of the X chromosome,32 and individual muta-
tions in the XLRS1 gene are identifiable in most cases of X-
linked retinoschisis.36 The protein encoded by the XLRS1 gene
is thought to be involved in cell–cell interaction in the neu-
rosensory retina.

The most constant ocular finding is a cystoid, stellate mac-
ulopathy or foveal schisis, which is present in almost every
case and may be the only feature in approximately half of cases
(Fig. 6-9). In older patients it often develops into an atrophic
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FIGURE 6-9. Cystoid stellate maculopathy or foveal schisis is present in
almost every case of X-linked juvenile retinoschisis.



pigmented scar.31 Clinically, the stellate maculopathy can
mimic cystoid macular edema, but it can be differentiated by
the lack of late leakage on fluorescein angiography.38 Although
bilateral inferotemporal retinoschisis has been considered the
classical presentation of this disorder, only 40% of patients
have peripheral retinoschisis in addition to the macular find-
ings. The retinoschisis is a splitting of the nerve fiber layer
with ballooning of the inner layer into the vitreous. The inner
layer is quite thin and often contains large holes whereas the
outer layer may contain small holes.11 Unsupported retinal
vessels in the inner layer may give rise to recurrent vitreous
hemorrhage. Fibrous condensations of vitreous cortex (vitreous
veils) often overlie the areas of peripheral retinoschisis, and vit-
reous bands form that extend to retinal vessels. Posterior vit-
reous detachment with vitreous collapse may occur and is
often associated with regression of retinoschisis in the areas of
vitreous detachment.30

X-linked juvenile retinoschisis has no known systemic man-
ifestations. The macular changes often progress rapidly during
the first 5 years of life but then progress very slowly until the
sixth or seventh decade. The visual acuity is usually around
20/60 at age 20 and gradually diminishes to 20/200 by age 60.16

Only rarely is good visual acuity maintained after the age of 60.
Progression can vary from eye to eye in an affected individual or
among related affected family members. Visual loss is generally
related to macular involvement, although retinal detachment or
vitreous hemorrhage may cause sudden visual loss.

Electroretinography in patients with juvenile X-linked
retinoschisis typically reveals near normal a-waves with a selec-
tive reduction of the b-wave.33 Oscillatory potentials can also be
abnormal with decreased cone responses and almost obliterated
rod responses. These ERG changes are not always present, and
some patients with known mutations in the XLRS1 gene have
been demonstrated to have normal electroretinography findings.
Visual field testing reveals absolute scotomas in areas of periph-
eral retinoschisis.

Two lines of evidence suggest that an abnormality of the
Mueller cells causes both the macular and peripheral retinal
changes in juvenile X-linked retinoschisis. First, the b-wave of
the ERG results from a Mueller cell response to changes in extra-
cellular potassium levels. Second, periodic acid–Schiff stain-
ing of intraretinal filaments, presumably formed by defective
Mueller cells, has been demonstrated histopathologically.11
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Juvenile X-linked retinoschisis progresses slowly, and pro-
phylactic treatment of schisis (even with holes in schisis cavities)
is not recommended. Management includes treatment of second-
ary retinal detachments and vitreous hemorrhages when they
occur. The goal of therapy in the treatment of combined retinal
detachment and congenital retinoschisis is closure of the outer
layer and full-thickness retinal breaks, which can generally be
accomplished by a scleral buckling procedure.38 No specific
attempt is made to close inner layer breaks. If vitreous hemor-
rhage occurs, laser photocoagulation can be used to close the prox-
imal portion of the bleeding vessel. The presence of genetic
markers close to the juvenile retinoschisis gene and known muta-
tions in the gene itself makes carrier detection and prenatal
screening possible in some families.24

FAMILIAL EXUDATIVE
VITREORETINOPATHY

Familial exudative vitreoretinopathy (FEVR) was first described
by Criswick and Schepens in 1969.12 They described heterotopia
of the macula with temporal traction, posterior vitreous detach-
ments with organized vitreous membranes, peripheral neovas-
cularization, retinal traction with retinal breaks, and retinal
detachments. The changes resemble retinopathy of prematurity,
but affected patients have no history of premature birth or ante-
natal oxygen administration. Familial exudative vitreoretin-
opathy is inherited in an X-linked, autosomal recessive or
autosomal dominant fashion and exhibits great variability of
expression. Some patients have blinding bilateral retinal detach-
ments in the first few years of life, whereas others have only a
small area of avascular retina in the temporal periphery with no
symptoms or complications throughout life.

The most constant ocular finding is an abrupt termination
of retinal vessels along a scalloped edge at the equator (Fig. 6-
10). The avascular area can be quite extensive or confined to only
several clock hours. Often an elevated fibrovascular scar in the
temporal periphery is present, very similar to the cicatricial
stage of retinopathy of prematurity.18 Peripheral neovasculariza-
tion is present adjacent to this area, and the capillary bed pos-
terior to the avascular zone is often dilated and more prominent.
Maturation and organization of the fibrovascular scar produce
the striking signs of retinal traction (“dragged disc” and macula
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heterotopia) (Fig. 6-11). Subretinal exudates occur in only 10%
to 15% of affected eyes. Retinal detachments are predominantly
tractional in the first decade of life and rhegmatogenous in the
second decade. The overall incidence of retinal detachment
varies from 4% to 30%.29 An ectopic macula is present in up to
one-half of patients and causes a positive angle kappa. Vitreous
abnormalities include posterior vitreous detachments with vit-
reous bands transmitting traction to the retina and thickened
vitreous membranes over avascular retina.39 Mild cases can lack
vitreous abnormalities, and more than 50% of affected patients
have entirely normal vitreous examinations.44

Fundus fluorescein angiography or angioscopy is often 
necessary to identify the avascular retinal areas in minimally
affected patients. Retinal vessels present at the scalloped edge
often leak and pool as the angiogram progresses. Defective
platelet aggregation was reported in one FEVR family,10 but sub-
sequent reports have not substantiated this association.
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FIGURE 6-10A–C. Great variability of expression in familial exudative
vitreoretinopathy makes diagnosis difficult in minimally affected family
members. Posterior pole of an obligate carrier reveals only “straighten-
ing” of retinal vessels (A). Examination of the temporal periphery reveals
cessation of retinal vessels in a scalloped edge (B) easily demonstrated by
angiography or angioscopy (C).

FIGURE 6-11. Familial exudative vitreoretinopathy with “dragged disc”
appearance and tractional retinal detachment.



Pathophysiologically, the primary abnormality is probably
abnormal maturation of the retinal vasculature and not an 
inherent defect in vitreous formation or function. The earliest
findings in familial exudative vitreoretinopathy appear to be
nonperfusion of the peripheral temporal retina with stretched
retinal blood vessels and shunting with vascular leakage.39 Sec-
ondary vitreous changes over the nonperfused areas of retina
cause tractional retinal detachments that lead to visual loss.

Management of familial exudative vitreoretinopathy should
include early screening and identification of affected individ-
uals in known families. The majority of retinal detachments
occur in the first decade of life, and very little progression occurs
after age 10. Patients with the largest areas of nonperfused
retinas are at greatest risk. Cryotherapy to large areas of avas-
cular retina and scleral buckling surgery for tractional retinal
detachments may be required. Genetic counseling is also impor-
tant because asymptomatic affected patients can have severely
affected children.

HEREDITARY SNOWFLAKE
VITREORETINAL DEGENERATION 
OF HIROSE

Hirose et al. described familial snowflake vitreoretinal degener-
ation in 1974.22 The disease is named after white, snowflake-like
spots that are 100 to 200�m in diameter and appear in areas of
“white without pressure” (Fig. 6-12). The “snowflakes” often do
not appear until after the age of 25 years, and thus the diagno-
sis is difficult to exclude in younger patients. Hirose’s pedigree
and subsequent reports have demonstrated autosomal dominant
inheritance with variable expressivity.

Ocular findings include cataracts in all patients studied
over 35 years of age. Nuclear sclerosis, cortical opacities, and
posterior subcapsular plaques may be seen. Younger patients
have fine swirling vitreous strands and liquefaction of the gel.
In older patients, vitreous strands become more prominent, and
posterior vitreous detachment is common. Four ophthalmo-
scopically distinct stages have been described. Stage I is exten-
sive “white with pressure” in the retinal periphery. Stage II is
characterized by snowflake-like spots, extending from the
equator to the ora serrata. Some of these appear to be crystalline
and lie in the superficial layers of the retina. The surface of the
affected retina is elevated with “crater-like areas.” Stage III is
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characterized by sheathing of retinal vessels in the area of the
snowflake degeneration. The vessels become “white threads”
in the periphery. Clumps of black, irregularly shaped pigment
appear around the posterior margin of the snowflake degenera-
tion. Stage IV is characterized by increased pigmentary changes
and disappearance of retinal vessels. Snowflake degeneration is
associated with an increased incidence of retinal detachment,
and surgical repair is rarely successful.

Although patients do not complain of nyctalopia, snowflake
degeneration is associated with constriction of the visual field
and elevation of rod thresholds in dark adaptation tests.23 Elec-
troretinography demonstrates a decreased amplitude of the sco-
topic b-wave in almost all patients.

Management consists of cataract extraction when the lens
changes become visually significant and routine peripheral
retinal examinations. Because retinal detachments are common
and are associated with poor outcomes, laser photocoagulation is
recommended for any type of retinal break.35 No treatment is
indicated for the snowflake degenerative changes alone.

Robertson and colleagues reported 10 patients in four fami-
lies with lesions similar to those of stage I and stage II snowflake
generation.37 These patients did not have associated vitreous
traction and did not progress to arteriolar attenuation. Robert-
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FIGURE 6-12. White and yellow-white granular-like deposits of the
peripheral retina, 100–200 �m in size, characteristic of snowflake degen-
eration. (Courtesy of Dr. D.M. Robertson, Published courtesy of Oph-
thalmology 1982;89:1515.)



son stated that the snowflake lesions themselves may be an
innocent peripheral retinal finding unless associated with other
conditions such as lattice degeneration.

AUTOSOMAL DOMINANT
VITREORETINOCHOROIDOPATHY
(ADViRC) AND AUTOSOMAL DOMINANT
NEOVASCULAR INFLAMMATORY
VITREORETINOPATHY (ADNIV)

In 1982, Kaufman and colleagues described a unique vitreoreti-
nal degeneration that they called autosomal dominant vitreo-
retinochoroidopathy (ADViRC).25 The condition is characterized
by an abnormal chorioretinal hypopigmentation and hyperpig-
mentation that is found between the vortex veins and the ora
serrata for 360°. There is a distinct posterior boundary near the
equator (Fig. 6-13). Patients have retinal arteriolar narrowing and
occlusion, small punctate white opacities in the retina, and, in
some cases, choroidal atrophy. Most affected family members
have cystoid macular edema, diffuse retinal vascular incompe-
tence, vitreous cells, and presenile cataracts; many have retinal
neovascularization. Vitreous changes include only mild degen-
erative changes, vitreous cells, and early posterior vitreous
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FIGURE 6-13. Distinct posterior border of chorioretinal hyperpigmenta-
tion near the equator in a patient with autosomal dominant vitreo-
retinochoroidopathy (ADViRC). (Courtesy of Dr. D.P. Han.)



detachments. Patients have no systemic abnormalities and do
not complain of nyctalopia. Electroretinography is normal 
in younger individuals and only moderately affected in older
patients.3

Cystoid macular edema or vitreous hemorrhage can occur
in children as young as age 7 years with ADViRC. The condi-
tion progresses slowly and is not associated with retinal 
detachments.

Bennett and colleagues described a similar entity in 1990
that they called autosomal dominant neovascular inflamma-
tory vitreoretinopathy (ADNIV).2 The ADNIV gene has recently
been mapped to chromosome 11q13.43 ADNIV, like ADViRC,
has prominent cystoid macular edema, generalized leakage from
retinal vessels, peripheral retinal neovascularization, closure of
peripheral retinal vessels, pigmentary changes in the retina
including both hyperpigmentation and hypopigmentation, vit-
reous cells and hemorrhage, and cataracts.13 Unlike ADViRC,
electroretinography shows selective loss of the b-wave in all
patients. Other distinctive features of ADNIV include anterior
uveitis, development of neovascular glaucoma, and tractional
retinal detachments in up to 20% of patients. The pigmentary
changes of ADNIV do not have the distinct posterior boundary
of ADViRC (Fig. 6-14).
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FIGURE 6-14. Peripheral hyperpigmentation with no defined distinct
posterior border, arteriolar attenuation, and pale optic nerve in a patient
with end-stage autosomal dominant neovascular inflammatory vitreo-
retinopathy (ADNIV). (Courtesy of Dr. J.C. Folk. Published courtesy of
Ophthalmology 1990;97:1128.)



In contrast to ADViRC, which appears to remain stable,
ADNIV is a progressive disease. Patients with ADNIV are gen-
erally asymptomatic until their midtwenties, but vitreous cells
can be observed biomicroscopically and a selective loss of the 
b-wave can be seen with electroretinography. Later, peripheral
retinal scarring and pigmentation, peripheral arteriolar closure,
and neovascularization of the peripheral retina or optic disc
develop. Cystoid macular edema, vitreous hemorrhage, trac-
tional retinal detachment, and neovascular glaucoma can cause
profound visual loss. Vitrectomy is often necessary to repair the
retinal detachments.
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Retinal Vascular Disorders
Richard M. Feist, Christopher F. Blodi, and 

Peter H. Spiegel

Retinal vascular disorders in children, unlike those in adults,
rarely represent the sequelae of chronic systemic insults

such as hyperglycemia or hypertension. Children are more likely
to suffer from developmental, infectious, neoplastic, or trau-
matic retinal vascular disorders. As with any other cause of
visual loss in childhood, prompt treatment of retinal vascular
disorders can be essential to the avoidance of amblyopia. Table
7-1 lists the usual age of presentation for the entities discussed
in this chapter.

SICKLE CELL DISEASE

Eight percent of the African-American population in the United
States is heterozygous for the sickle trait (AS) (Table 7-2). With
the exception of some Mediterranean and Indian populations,
the sickle trait is very rare in Americans of Asian or European
descent. Sickle hemoglobin (S Hb) varies from normal hemo-
globin (A Hb) at position six of the beta-hemoglobin chain. The
substitution of valine for glutamic acid at this position produces
a hemoglobin that offers some protection against malaria
because the Plasmodium organism is unable to break down Hb
S. Heterozygous patients are generally asymptomatic systemi-
cally and ophthalmically. Unfortunately, Hb S polymerizes
under hypoxic conditions, leading to rigid, sickle-shaped ery-
throcytes. Homozygous (SS) patients can develop systemic com-
plications such as splenic autoinfarction, hemolysis, severe and
chronic anemia, and blast crisis. However, only 8.8% of these
patients develop proliferative sickle retinopathy and only 3%
develop vitreous hemorrhage. In contrast, proliferative sickle

7

201



202 handbook of pediatric retinal disease

TABLE 7-1.  Usual Age of Presentation of Various Retinal Vascular
Disorders.
Disease Age of presentation

Background sickle retinopathy Late childhood
Proliferative sickle retinopathy Adolescents and young adults
Coats’ disease Prepubertal; first or second decade of life
Von Hippel syndrome Young adults; may present in late childhood 

or adolescence
Retinal cavernous hemangioma First or second decade of life; congenital?
Sturge–Weber syndrome Congenital
Wyburn–Mason syndrome Congenital
Background diabetic retinopathy 50% of patients after 7 years of disease
Proliferative diabetic retinopathy Rare before puberty; 50% of postpubertal 

patients after 15 years type I disease
Hypertensive retinopathy Rare before puberty; acute changes may 

occur in pregnant adolescents (greater 
risk of eclampsia in this age group)

Terson’s syndrome May occur following an intracranial 
hemorrhage; may occur at any age

Shaken baby syndrome Infants and toddlers
Purtscher’s retinopathy May occur at any age
Eales disease Young adults
Hypomelanosis of Ito Congenital
Incontinentia pigmenti Infancy
Goodpasture syndrome Any age
Allergic granulomatosis Any age after infancy
Takayasu’s arteritis Adolescence
Norrie’s disease Congenital
Fascioscapulohumeral dystrophy Young adults
Anemic retinopathy May occur at any age
Leukemic retinopathy May occur at any age
Hyperviscosity syndromes May occur at any age
Kawasaki’s disease First or second decade of life
Carotid cavernous fistula May occur following trauma at any age
Vein occlusions Rare in children
Congenital vascular loops Congenital

TABLE 7-2.  Incidence of Various Hemoglobinopathies in the U.S.
Black Population.

AS, 8%
AC, 2%–3%
SS, 0.2%
SC, 0.1%
SThal, 0.003%

AS, sickle cell heterozygous; AC, heterozygous for hemoglobulin A and C; SS, sickle cell homozygous;
SC, heterozygous for sickle hemoglobin and hemoglobin C; SThal, sickle hemoglobin and thalassemia
heterozygous.

Source: Goldberg MF. Sickle cell retinopathy. In: Tasman W, Jeager EA (eds) Duane’s clinical ophthal-
mology, vol 3, chapter 17. Philadelphia: Lippincott, 1990, with permission.16



retinopathy develops in up to 72% of those patients heterozy-
gous for sickle hemoglobin and hemoglobin C (Hb SC) and in
33% of patients heterozygous for sickle hemoglobin and tha-
lassemia (SThal).

The underlying etiology of sickle retinopathy is sickling of
erythrocytes in response to hypoxia in the peripheral retinal 
circulation. The low incidence of proliferative retinopathy in
homozygous hemoglobin S patients has been postulated to be
the result of a protective effect of lowered blood viscosity that
results from the relatively low hematocrit. The relative fre-
quency of various hemoglobinopathies in the African-American
population is listed in Table 7-2.16

Fundus findings in background sickle cell retinopathy
include salmon patch hemorrhages (Fig. 7-1), which are full-
thickness intraretinal hemorrhages (often with some subinter-
nal limiting membrane blood) that occur distal to arteriolar
occlusions. As these hemorrhages reabsorb over time, these
areas may develop into iridescent spots or into black sunbursts
(Fig. 7-2). The former are thought to be schisis cavities contain-
ing hemosiderin whereas the latter result from hypertrophy,
hyperplasia, and migration of the retinal pigment epithelium.
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FIGURE 7-1. This “salmon patch” represents an intraretinal hemorrhage
that extends from the internal limiting membrane and may involve the
entire thickness of the retina. These hemorrhages typically have a bright
red appearance.



Cotton wool spots may occur in the posterior pole, and the thin-
ning of the retina that follows their resolution may be seen as a
“macular depression.” The sickle disc sign refers to comma-
shaped capillaries on the disc that are caused by chronic sludg-
ing of blood. A similar finding can occasionally be seen in
conjunctival capillaries. Iris atrophy may also be observed in
patients with sickle cell retinopathy (Fig. 7-3).48 Additional
fundus changes include angioid streaks and tortuosity and dila-
tion of the retinal venules. Retinal arteriolar occlusions have
been reported in both a 5.5-year-old and a 9-year-old with SS
hemoglobinopathy.1,7 A 31-year-old with hemoglobin SC with 
a spontaneous central retinal artery occlusion was recently
reported.12 These cases of posterior disease stand in contrast to
the more common picture of peripheral vascular occlusion.

Proliferative sickle retinopathy typically occurs in young
and middle-aged adults but may occur in the second decade of
life, usually following puberty. Patients with proliferative sickle
retinopathy develop peripheral vascular occlusions followed by
arteriovenous anastamoses and, eventually, peripheral neovas-
cularization. The peripheral neovascular tufts typically have a
shape similar to the aquatic plant Gorgonia flabellum and were
consequently termed sea fans by Welch and Goldberg (Fig. 
7-4).48 Patients with these findings are at risk for vitreous 
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FIGURE 7-2. Black sunbursts represent hypertrophy, hyperplasia, and
migration of the retinal pigment epithelium following resolution of a
salmon patch hemorrhage.
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FIGURE 7-3. Iris atrophy in a patient with sickle cell disease.

FIGURE 7-4. Peripheral neovascular tufts in the shape of a sea fan are
found at the anterior edge of perfused retina in proliferative sickle
retinopathy.



hemorrhage as well as tractional and rhegmatogenous retinal
detachment.

Penman et al., reporting on the Jamaican sickle cohort,
found that proliferative sickle retinopathy was more likely to
occur in those with vascular morphological abnormalities
(abrupt terminations, vascular buds) at the border of nonperfused
retina compared to patients with more normal-appearing periph-
eral vascular beds.32

Scatter laser photocoagulation is recommended for patients
with more than 60° of proliferative sickle retinopathy. If scatter
treatment alone is insufficient to induce nonperfusion in the
proliferative tufts, then supplemental feeder vessel treatment
may be required. Feeder vessel treatment should not be con-
sidered as primary treatment because of an increased risk 
of rhegmatogenous retinal detachment following argon photo-
coagulation.10 Patients with less than 60° of peripheral neovas-
cularization are at a lower risk for both vitreous hemorrhage and
retinal detachment, and there is insufficient evidence to make
any treatment recommendation for these patients.10

In patients with cloudy media from vitreous hemorrhage, or
small pupils, transscleral cryotherapy or transscleral diode laser
photocoagulation may be employed.38

COATS’ DISEASE

Coats’ disease is an idiopathic, typically nonhereditary condition
in which telangiectatic and aneurysmal retinal vessels are asso-
ciated with massive subretinal exudate. The classic, adolescent
form of the disease may occur at as early as 4 months of age with
two-thirds of cases occurring before 10 years of age; 80% of cases
are unilateral, and there is a 3:1 male predilection.17

Clinical diagnosis of Coats’ disease is often made following
the incidental findings of strabismus or of a white pupillary
reflex. On fundus examination, yellowish to greenish subretinal
exudate or intraretinal or intravitreal hemorrhage may be seen.
Exudates and hemorrhage may be minimal but also may be
massive, resulting in large areas of retinal detachment and
obscuration of fundus details (Fig. 7-5). Although exudates and
hemorrhages are usually located posteriorly, the underlying
defect is a localized area of telangiectasias and aneurysms of the
retinal vessels. These vascular changes may occur adjacent to
exudates or may be more peripherally located. In some cases,
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fluorescein angiography is necessary to identify the location and
extent of vascular changes. Angiography demonstrates early and
persistent leakage from the areas of vascular abnormality as well
as surrounding areas of capillary nonperfusion.

Coats’ disease is a progressive disorder and when untreated
may lead to permanent loss of central vision. Treatment con-
sists of transcleral cryoablation of anterior areas of telangie-
ctasis and laser photocoagulation of posterior areas. Multiple
treatments may be necessary for ablation of areas of telangiec-
tasia. Eyes with extensive retinal detachment may be treated
with modern vitreoretinal techniques, including vitrectomy,
drainage of subretinal fluid, placement of expandable gas,
cryotherapy, and photocoagulation.22,41 Shields et al. developed a
staging classification of Coats’ disease that may be useful in
determining prognosis and in guiding treatment decisions (Table
7-3).41 Of 124 affected eyes treated as necessary and followed for
at least 6 months, 20% achieved a visual acuity of 20/100 or
better; 24% had acuities from count fingers to 20/200; 40% had
hand motions vision or no light perception; and 16% required
enuculation. Poor visual outcomes were caused by complica-
tions such as subfoveal fluid and fibrosis, foveal exudation, and
macular edema. Enucleation was usually reserved for those with
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FIGURE 7-5. Although the retinal vascular telangiectasias of Coats’
disease are located peripherally, the subretinal exudate typically occurs
in the posterior pole, reducing vision dramatically in some cases.



total retinal detachment and glaucoma (stage 4).41 Pauleikhoff
and Wessing reported complete resolution of subretinal exudates
in 67.3% of cases with no retinal detachment and in 33% of
cases with retinal detachment.31a Final visual acuity in their
series was between 20/30 and 20/200 in 39.4% of cases and
better than 20/30 in 15.3%.3

PHAKOMATOSES 
(NEUROCUTANEOUS DISEASES)

The phakomatoses are a group of disorders that affect multiple
organs, typically the eyes, the skin, and the central nervous
system. The phakomatoses that are associated with retinal or
choroidal vascular lesions are Von Hippel syndrome, Sturge–
Weber syndrome, and Wyburn–Mason syndrome.

Von Hippel syndrome is an autosomal dominantly inherited
disorder in which retinal capillary hemangiomas occur. The
gene that is mutated in this disease has been mapped to chro-
mosome 3p25–3p26.2 Penetrance in this syndrome is approxi-
mately 80%. In approximately one-half of cases, multiple
hemangiomas may occur. These hemangiomas may remain
asymptomatic or may cause reduced visual acuity due to sub-
retinal exudate. Approximately one-half of patients have an
associated infratentorial hemangioblastoma of the cerebellum,
brainstem, or spinal cord, in which case the disorder is called
Von Hippel–Lindau syndrome. Patients with Von Hippel–Lindau
syndrome are at increased risk of renal cell carcinoma, pheochro-
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TABLE 7-3.  Staging Classification of Coats’ Disease.
Stage 1. Retinal telangiectasia only
Stage 2. Telangiectasia and exudation

A. Extrafoveal exudation
B. Foveal exudation

Stage 3. Exudative retinal detachment
A. Subtotal detachment

1. Extrafoveal
2. Foveal

B. Total retinal detachment
Stage 4. Total retinal detachment and glaucoma
Stage 5. Advanced end-stage disease

Source: Shields JA, Shields CL, Honavar SG, et al. Classification and Management of Coats disease:
the 2000 Proctor lecture. Am J Ophthalmol 2001;131:572–583, with permission.41



mocytoma, and cysts of the pancreas, epididymis, kidney, liver,
lung, adrenal gland, bone, omentum, or mesocolon. Sympto-
matic hemangiomas can be treated with laser photocoagulation
using long-duration burns or with cryotherapy. Multiple treat-
ment sessions may be required.

Retinal cavernous hemangioma is characterized by dark,
grapelike clusters of intraretinal aneurysms. Their clinical
appearance is distinct from retinal capillary hemangioma. On
fluorescein angiography, separation of the serum and cellular
components of blood may be seen. These vascular hamartomas
are symptomatic in approximately 10% of cases and may cause
subretinal, intraretinal, and vitreous hemorrhage. Treatment is
indicated only in symptomatic cases, and the value of treatment
in these cases is still unproven. Choroidal hemangiomas may
occur in a localized or a diffuse form. Sturge–Weber syndrome
is a noninherited clinical condition characterized by a facial
nevus flammeus (hemangioma of skin with capillary and cav-
ernous channels) with ipsilateral intracranial hemangioma. In
40% of patients with Sturge–Weber syndrome, an associated
diffuse, ipsilateral choroidal hemangioma may be found. Sec-
ondary hyperopia may occur with diffuse choroidal hemangioma
as well as overlying retinal detachment in one-half of cases.
Treatment of retinal detachment in these cases is by placement
of light photocoagulation scars over the entire tumor in an
attempt to strengthen the adhesion between the retina and 
the underlying pigment epithelium. In patients with diffuse
choroidal hemangioma associated with Sturge–Weber syndrome,
the median age at onset of ocular symptoms is 9 years. Patients
with isolated, localized choroidal hemangiomas have a median
age of onset of 39 years.

Wyburn–Mason syndrome is characterized by the associa-
tion of abnormal retinal arteriovenous anastomoses with similar
lesions in the ipsilateral midbrain. This condition is nonhered-
itary and is only rarely associated with subretinal exudation.
The degree of arteriovenous anastomosis in the involved retina
is variable and may be minor or involve the entire retinal cir-
culation. Vision is dependent on the relative sparing of the
macular circulation. Neurological sequelae are similarly vari-
able. Only rarely is photocoagulation indicated for subretinal
exudate or iris neovascularization.40
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DIABETIC RETINOPATHY

The major retinal complications of diabetes are retinal 
neovascularization (proliferative diabetic retinopathy), diabetic
macular edema, and capillary nonperfusion. These conditions
are all related to the duration of chronic hyperglycemia and are
quite rare before puberty. Following puberty, the incidence of
diabetic retinopathy in type I diabetes begins to rise sharply
such that 50% of patients have proliferative disease after 15
years. A similar acceleration of activity of diabetic retinopathy
occurs with pregnancy. Pregnant women without advanced pro-
liferative diabetic retinopathy are unlikely to develop exuberant
proliferation and severe visual loss, but pregnant women with
active proliferative disease are at significant risk. Women with
background disease are at risk for both proliferative disease and
diabetic macular edema. Follow-up examination of diabetics
should be at least twice yearly during puberty and every 1 to 2
months during pregnancy.4

HYPERTENSIVE RETINOPATHY

Fundus findings of hypertensive retinopathy consist of widen-
ing of the arteriolar reflex associated with diffuse arteriolar 
narrowing, nicking (focal narrowing) of the veins distal to 
arteriovenous crossings, intraretinal hemorrhages, and disc
edema. These changes result from arteriolosclerosis following
chronic hypertension and are not usually seen in children. The
acute fundus changes of hypertension are more common in 
the adolescent age group, specifically in the clinical setting 
of preeclampsia. Preeclampsia is a hypertensive disorder of 
pregnancy that occurs in the absence of other etiologies. It
usually begins following the 12th week of gestation and is 
more common in the primigravida and in the adolescent. 
In preeclampsia, as in other acute hypertensive episodes, the
primary fundus findings are focal constriction of retinal arteri-
oles, cotton wool spots, choroidal infarctions with secondary
serous retinal detachments (usually in the macula), and optic
disc edema not associated with elevated intracranial pressure
(Fig. 7-6). Prompt obstetrical evaluation and treatment are essen-
tial for pregnant patients with these fundus findings.36,43
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TERSON’S SYNDROME

Intraocular hemorrhage is a known complication of subarach-
noid hemorrhage and occurs in approximately 20% of these
patients (Fig. 7-7). Terson’s syndrome refers to cases in which vit-
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FIGURE 7-6. Choroidal infarction caused by preeclampsia typically pro-
duces a serous macular detachment.

FIGURE 7-7. Terson’s syndrome is often associated with subinternal lim-
iting membrane hemorrhages.



reous hemorrhage accompanies subarachnoid hemorrhage. It is
probably more appropriate to consider intraocular hemorrhage in
this setting as a spectrum ranging from mild intraretinal hem-
orrhage to massive vitreous hemorrhage. This finding is highly
significant because mortality from subarachnoid hemorrhage
increases from 19.7% to 53.6% when associated with intraocu-
lar hemorrhage. Terson believed that a sudden increase in venous
pressure following an abrupt elevation of intracranial pressure
caused the intraocular hemorrhage. It is interesting that similar
findings may occur following traumatic subdural hemorrhage.39

SHAKEN BABY SYNDROME

Blunt trauma of the head is the leading cause of death in child
abuse. Blunt trauma in this setting may lead to ocular findings
ranging from the anterior segment to the retina and optic nerve.
When violent shaking of a small child occurs (shaken baby 
syndrome (SBS), the typical fundus finding is a diffuse, often
massive, intraretinal and vitreous hemorrhage. The intraretinal
hemorrhages are typically located in the nerve fiber layer and
may be unilateral or bilateral. This fundus appearance may
closely resemble Terson’s syndrome. However, the mechanism
of injury in shaken baby syndrome differs from that in Terson’s
syndrome, and the latter designation should not be used to
describe the intraocular hemorrhages in SBS.28 A typical peri-
macular fold of the retina may also be seen in SBS and in few
other entities.

Dense vitreous hemorrhages are associated with poor visual
outcome because of both ocular disease and concomitant
damage to the visual pathways.25 The presence of a midline shift
of brain structures on neuroimaging, and of nonreactive pupils,
were both strongly predictive of mortality in one study.26

Historical details provided by caregivers are often inconsis-
tent with the functional level of the child. Any time a diagno-
sis of child abuse is suspected, a report should be made to the
proper authorities so that investigation can be undertaken.49

PURTSCHER’S RETINOPATHY

Sudden elevation of the venous pressure following chest com-
pression can cause diffuse cotton wool spots and nerve fiber
layer hemorrhages throughout the fundus. Suggested etiologies
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for these findings include aberrant coagulation and physical
injury due to direct transmission of the elevated venous pres-
sure. Fluorescein angiography shows leakage corresponding to
areas of cotton wool spots and staining of small arterioles.
Purtscher’s retinopathy may be seen following motor vehicle
accidents or cardiopulmonary resuscitation and in child abuse
cases, especially those involving sexual abuse.

EALES DISEASE

Eales disease is an idiopathic peripheral retinal vasculitis with
the peak onset of symptoms between the ages of 20 and 30 years.
Eales disease is rare in the United States but is a significant cause
of uveitis in the Middle East and India. Historically, Eales disease
has been described as a peripheral periphlebitis, but more recent
studies have suggested an equal amount of arteriolar sheathing.
Nonperfusion of the peripheral retina is a hallmark of the disease
and most often involves the temporal retina. Retinal neovascu-
larization occurs in up to 80% of patients and often leads to vit-
reous hemorrhage. Although serious complications such as
rubeosis iridis with neovascular glaucoma or macular nonperfu-
sion may occur, the visual prognosis of Eales disease is usually
quite good, with two-thirds of patients maintaining vision of
20/40 or better.15

INCONTINENTIA PIGMENTI

Incontinentia pigmenti is characterized by abnormalities in
ectodermal structures such as the eyes, skin, teeth, and central
nervous system. Affected patients usually present in infancy
with a vesicular eruption of the skin that evolves into a whor-
ling pattern of abnormal pigmentation (Fig. 7-8A). These whorls
become less visible with increasing age and may be nearly invis-
ible by the third decade of life. Patches of alopecia may be seen
as well.

Ophthalmic findings include strabismus, nystagmus, blue
sclera, cataract, and microphthalmia. Fundus findings may
include optic nerve atrophy or papillitis, retinal hemorrhages 
or neovascularization, retinal edema, and chorioretinitis (Fig. 
7-8B).47 Holmstrom and Thoren found serious and vision-
threatening ocular disease in 45% of their 30 patients.19 Retinal
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FIGURE 7-8A,B. (A) Blister-like lesions that develop in infancy, then
evolve into whorls of brown pigment, are characteristic of incontinentia
pigmenti. (Courtesy of Mary S. Stone, M.D.) (B) Peripheral retinal neovas-
cularization may be seen in incontinentia pigmenti and may be associated
with vitreous hemorrhages in some cases.



disease is the greatest threat to vision. The natural history of
ocular disease in IP is poorly defined. However, a screening
schedule for retinal examinations has been proposed and
includes examinations shortly after birth and then monthly for
3 to 4 months. This schedule is followed by examinations at 3-
month intervals for an additional year, then by semiannual
examinations until age 3.19,29

The condition is most commonly inherited as an X-linked
dominant that is lethal in males (Bloch–Sulzberger syndrome).
One gene has been localized to the long arm of the X chromo-
some (Xq28).19 Thus, almost all affected patients are female.
Some pedigrees have been reported in which affected males have
transmitted the disease to daughters, but no male-to-male trans-
mission has been documented.23

HYPOMELANOSIS OF ITO

Hypomelanosis of Ito is a rare syndrome characterized by
bizarre, patterned, hypopigmented streaks along the lines of
Blashko. Hypomelanosis of Ito is also distinguishable from
incontinentia pigmenti in that the skin lesions are not preceded
by the inflammatory vesicles that are seen in the latter disease.
Ophthalmic findings can include nystagmus, strabismus, 
heterochromia irides, iris coloboma, microphthalmia, myopia,
corneal pannus, choroidal atophy, retinal hypopigmentation,
and retinal detachment.35 Half these patients have systemic 
findings that may include central nervous system dysfunc-
tion (delayed development or seizure) and musculoskeletal
anomalies.37

GOODPASTURE SYNDROME

Goodpasture syndrome is a chronic, relapsing autoimmune
disease characterized by episodic bouts of hemoptysis, dyspnea,
and glomerular nephritis caused by immunoglobulin G deposi-
tion in the basement membrane of lung alveoli and renal
glomeruli. An episcleritis may develop in some patients resem-
bling that seen with rheumatoid arthritis. Patients may also
develop choroidal infarctions with secondary serous retinal
detachment or macular edema.21 A 40-year-old patient with
Goodpasture’s syndrome developed bilateral peripapillary sub-
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retinal neovascular membranes that were successfully treated
with laser ablation.34

ALLERGIC GRANULOMATOSIS
(CHURG–STRAUSS DISEASE)

Churg–Straus disease is a systemic allergic disease that is char-
acterized by a granulomatous and eosinophil-rich inflammation
involving the respiratory tract, with necrotizing vasculitis. The
primary complications of Churg–Strauss disease of interest to the
ophthalmologist are orbital inflammatory pseudotumor and
ischemic vasculitis.44 Branch and central retinal artery occlusion,
and ischemic optic neuropathy, have been reported.44 Diagnosis
is aided by the presence of blood eosinophilia and perinuclear
antineutrophil cytoplasmic antibodies.8

TAKAYASU’S ARTERITIS

The inflammatory condition called Takayasu’s arteritis prima-
rily affects the aorta and its branches in children and young
women. It is rare in the United States and Europe but common
in Japan and other parts of the Orient. Synonyms for this disease
include “pulseless disease” and “aortitis syndrome.” Histologi-
cally, the disease is characterized by a granulomatous panar-
teritis. Systemic findings may include fatigue, weight loss,
low-grade fever, diminished pulses, orthostatic syncope, inter-
mittent claudication, and seizures. The reported mortality rates
vary from 10% to 75%, depending in part on the length of
follow-up. Death usually results from a cerebrovascular accident
or complications of congestive heart failure. Ophthalmic find-
ings result from ischemia. Mild ischemia is associated with
retinal vasodilation and formation of microaneurysms. Severe
ischemia leads to arteriovenous shunting, capillary dropout,
cotton wool spots, anterior segment ischemia, neovascular 
glaucoma, vitreous hemorrhage, retinal detachment, and optic
atrophy.6,13,45 Treatment with prednisone or other glucocorti-
coids may alleviate symptoms and induce a remission in many
patients but has yet to be proven to increase life expectancy.13,45

Neovascularization may be treated with photocoagulation. In
cases with carotid artery narrowing, endarterectomy should be
considered to improve blood pressure to the eye.6
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NORRIE’S DISEASE

Norrie’s disease, a rare, X-linked disorder, is also known as
Andersen–Warburg syndrome. Clinical findings include mental
retardation in two-thirds of cases and deafness that typically
occurs between childhood and middle age. Ophthalmic findings
include retinal detachments, usually with microphthalmos and
blindness from birth (Fig. 7-9). In the fundus, there is formation
of pseudotumors by dysplastic retinal tissue. Clinical findings
can range from a clear anterior segment with retinal pseudotu-
mors resembling retinopathy of prematurity to complete disor-
ganization of all intraocular contents.18,46 Dozens of mutations
in the Norrie disease gene, resulting in abnormalities of the
protein, norrin, have been identified as causative. This protein
is normally expressed in the brain, retina, and choroid.31

FASCIOSCAPULOHUMERAL DYSTROPHY

The autosomal dominant form of muscular dystrophy called
fascioscapulohumeral dystrophy predominantly affects the
muscles of the shoulders and may be associated with sen-
sorineural hearing loss and peripheral retinal telangiectasis
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FIGURE 7-9. Microphthalmos is the most common clinical appearance
of the eye in Norrie’s disease.



similar to those of Coats’ disease. Similar retinal telangiectasis
has also been described in a patient with scapuloperoneal mus-
cular dystrophy, a rare myopathy of the muscles of the proximal
shoulder and anterior thigh. Sporadic, autosomal dominant 
and X-linked cases of scapuloperoneal dystrophy have been
described.9,42

ANEMIA

Patients with anemia may have a variety of fundus findings
including retinal hemorrhages, cotton wool spots, hard exudates,
venous dilation and tortuosity, and disc edema (Fig. 7-10). The
retinal hemorrhages associated with anemia may vary from
flame shaped, to white centered, to subinternal limiting mem-
brane. Fundus findings in anemia are most often seen with mod-
erate to severe anemia of acute onset; children have these
findings less commonly than adults. Associated thrombocy-
topenia may play an etiological role in anemic retinopathy.
Vision may be normal but can also be profoundly affected when
macular hemorrhage or optic nerve ischemia occur.20
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FIGURE 7-10. Retinal hemorrhages may be seen in anemia, reflecting 
a combination of poor endothelial oxygenation and deficient platelet
function.



LEUKEMIA

The retinal findings of leukemia resemble those of patients with
severe anemia and include retinal hemorrhages, venous dilation
and tortuosity, and hard exudates (Fig. 7-11). Additional findings
may include microaneurysmal changes in peripheral retinal
vessels, capillary nonperfusion, neovascularization of the retina
or optic nerve, and direct leukemic infiltration of the choroid,
optic nerve, retina, or vitreous. Fundus findings in leukemia are
most often associated with acute leukemic episodes or with
relapses and may be related to coexisting anemia or hyperviscos-
ity. If a leukemic patient develops optic disc swelling, increased
intracranial pressure should be ruled out and prompt treatment
begun with some combination of irradiation, steroids, and
chemotherapy to prevent permanent, profound visual loss.20,33

HYPERVISCOSITY SYNDROMES

Several disorders may result in hyperviscosity of the blood,
including Waldenstrom’s macroglobulinemia, polycythemia,
and multiple myeloma. Waldenstrom’s macroglobulinemia 
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FIGURE 7-11. Retinal hemorrhages may occur in leukemia, often in
those cases that involve blast crisis and anemia.



is characterized by production of monoclonal IgM protein 
with hyperviscosity. Systemic findings may include fatigue,
headaches, and epistaxis. Fundus findings are similar to those of
anemia or leukemia and involve retinal hemorrhages, venous
tortuosity and dilation, and optic disc edema (Fig. 7-12). 
Multiple myeloma is a plasma cell neoplasm and results in
osteoporosis, a tendency to fractures, and amyloid deposits
throughout the body. Fundus findings may be suggestive of
hyperviscosity. Polycythemia is an overproduction of erythro-
cytes and may be a primary bone marrow disorder or a response
to a hypoxic environment such as high altitude. Fundus findings
typical of hyperviscosity may be observed in many of these
patients.11,24

KAWASAKI’S DISEASE

Kawasaki’s disease, also known as mucocutaneous lymph node
syndrome, is an idiopathic, acute, febrile illness of children. The
disease is characterized by fever of 5 or more days duration,
petechial rash of the palms and soles, nonpurulent cervical
lymph node swelling, bilateral conjunctival injection, and tran-
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FIGURE 7-12. Multiple myeloma may lead to a hyperviscosity syndrome
with intraretinal hemorrhages and, in some cases, to retinal vascular
occlusions.



sient anterior uveitis during the acute phase of the disease.
Retinal arterial obstruction may occur secondary to arteritis 
in these patients. Careful medical follow-up of these patients 
is necessary because approximately 3% of patients with this 
disorder die of coronary arteritis. Mortality can be reduced by
appropriate and early intervention.14

CAROTID CAVERNOUS FISTULA

Carotid-cavernous fistulas in children are almost always the
result of trauma. Rupture of the internal carotid artery inside
the cavernous sinus produces a high-pressure arteriovenous
shunt. Reversal of flow in vessels that ordinarily drain into the
cavernous sinus results in “arterialization” with engorgement
of the veins of the orbit, conjunctiva, and lids on the affected
side (Fig. 7-13). Exophthalmos, glaucoma, and an orbital bruit
may also become evident. Cranial nerves III through VI may
become affected in their intracavernous course. Fundus changes
can include disc edema, retinal hemorrhages, and central retinal
vein occlusion.

chapter 7: retinal vascular disorders 221

FIGURE 7-13. Arterialization of the conjunctival circulation in patients
with carotid cavernous fistulas may lead to a mistaken diagnosis of “pink
eye.”



VEIN OCCLUSIONS

Branch retinal vein occlusion in adults is typically associated
with chronic systemic hypertension and occurs at arteriovenous
crossings. This type of branch retinal vein occlusion is exceed-
ingly rare in children. Branch retinal vein occlusions may occur
in children in association with hyperviscosity syndromes, sickle
hemoglobinopathies, and retinal venous loops. Central retinal
vein occlusion in children is even less common than branch
retinal vein occlusion and probably has a similar etiology.30

CONGENITAL VASCULAR LOOPS

Dilated vascular loops may be located on or near the optic disc.
These loops are arterial in approximately 80% of cases and
involve the inferior retinal circulation in approximately two-
thirds of cases (Fig. 7-14). Cilioretinal arteries are an associated
finding in the majority of eyes. Complications are infrequent 
but include occlusion of an arterial loop with resultant branch
retinal arterial occlusion, occlusion of a venous loop with result-
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FIGURE 7-14. Although retinal vascular loops at the optic disc are typi-
cally arterial, venous loops may be seen in 20% of these cases.



ant branch retinal venous occlusion, vitreous hemorrhage from
traction on a loop, amaurosis fugax, and hyphema.5
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Nonvascular Hamartomas
Chittaranjan V. Reddy and Arlene V. Drack

This chapter discusses some of the nonvascular hamartomas
and choristomas of the retina, retinal pigment epithelium

(RPE), and choroid that may be seen in the pediatric population.
Although many of the lesions discussed in this chapter are
present in childhood, they are frequently discovered later in 
life during routine examination or when late visual symptoms
develop.

CHOROIDAL NEVUS

Choroidal nevi are tumors consisting of benign uveal
melanocytes that are derived embryologically from the neural
crest. Choroidal nevi are believed to be developmental tumors;
they are rarely seen at birth or during infancy but increase in
frequency around puberty.8 The pathogenesis of choroidal nevi
is poorly understood, but they are similar to nevi involving other
parts of the uveal tract. Clinically evident choroidal nevi are
estimated to occur in 1% to 2% of the general population, but
they are found in 6.5% of autopsied eyes.11 There is no known
sexual predilection, but whites have these lesions more com-
monly than blacks.

Ophthalmoscopically, choroidal nevi usually appear as
brown to slate gray lesions with fairly distinct margins (Fig. 
8-1). However, lesions may be amelanotic or show variable pig-
mentation.Choroidal nevi vary from 0.5 to 10 mm in diameter,
but they are usually approximately one disc area in size.
Choroidal nevi are usually flat but may be elevated 1 to 3 mm.
Most choroidal nevi are located posterior to the equator. In con-
trast, choroidal freckles, also frequently seen, are fairly indis-
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tinct, flat lesions. Choroidal freckles simply represent localized
increased choroidal pigmentation.

Over several years, the clinical appearance of a choroidal
nevus may change secondary to degeneration within the tumor
or in the overlying tissue. Changes include the appearance of
drusen, RPE atrophy, and pigment migration into the retina that
can appear as bone spicules at the edge of the lesion. Clumps and
patches of orange pigmentation can also be seen overlying the
nevus (Fig. 8-2). Orange pseudohypopyon with metamorphopsia,
which resolved without treatment, has been reported.16a Serous
detachment of the retina, RPE detachments, and choroidal neo-
vascular membranes (CNVM) can occur in association with
choroidal nevi. Laser photocoagulation has been helpful in some
cases.5 The visual prognosis is dependent on the secondary
changes and on the location of the choroidal nevus. Macular
lesions have the worst prognosis. For most nevi, the visual prog-
nosis is quite good.

Choroidal nevi may undergo malignant transformation 
into melanomas. Over a 10-year period, approximately 1 in 
500 patients with choroidal nevi develop choroidal melanoma.6

Thus, most patients with choroidal nevi do not develop
melanoma. It is not clear what percentage of melanomas arise
de novo and what percentage arise from preexisting choroidal
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FIGURE 8-1. Choroidal nevus. Note the well-defined border of the lesion.



nevi. Features that are associated with an increased risk of
malignant transformation include largest diameter greater than
3 mm, elevation greater than 1 to 2 mm, and overlying orange
pigmentary changes.1 Suspicious lesions require examination
and photography every 6 to 12 months to look for evidence of
growth.

The diagnosis of a choroidal nevus is usually based on the
ophthalmoscopic appearance. Echography is of little help in dif-
ferentiating nevi from small melanomas. Histologically, nevi are
comprised of four benign cell types (occurring in decreasing fre-
quency): polyhedral cells, spindle cells, fusiform or dendritic
cells, and balloon cells. Individual nevus cells may be pigmented
or nonpigmented.

The mnemonic TFSOM (To Find Small Ocular Melanoma)
has been suggested by Shields and Shields22a to help differenti-
ate between nevi and malignancies. Thickness �2mm, Fluid
subretinally, Symptoms, Orange pigment, and Margin touching
the disc are all risk factors. Tumors with no factors have a 3%
chance for growth at 5 years, those with one factor have a 
38% chance and those with two or more factors have a 50%
chance and often require treatment as they are actually small
melanomas.22a
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FIGURE 8-2. Choroidal nevus with pigmentary changes and overlying
drusen suggesting chronicity.



MELANOCYTOMA
(MAGNOCELLULAR NEVUS)

The term melanocytoma refers to a dark brown or black variant
of a choroidal nevus composed histopathologically of highly pig-
mented, plump, round to oval nevus cells. Melanocytomas can be
seen anywhere in the uveal tract, but most are seen near the optic
nerve head (Fig. 8-3). Although most are well circumscribed,
diffuse forms of the lesion exist. It is difficult to determine the
exact incidence of this unusual tumor because some may be con-
fused with typical choroidal nevi. Melanocytomas are probably
present at birth, but the diagnosis is usually made at a later age.
Although there is no significant sexual predilection, there is a
strong racial predisposition to melanocytomas. Approximately
one-third to one-half of melanocytomas occur in blacks, in strong
contrast to malignant melanomas, of which less than 1% occur
in blacks. When melanocytomas occur in whites, they are usually
seen in those of Hispanic or Italian descent.12

A melanocytoma of the optic nerve head is usually an inci-
dental finding. If the lesion is fairly large, the patient may com-
plain of slight blurring of vision. Additionally, an afferent
pupillary defect and visual field abnormalities may be seen. In
approximately half the cases, a typical choroidal nevus is con-
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FIGURE 8-3. Typical melanocytoma of the optic nerve head with an adja-
cent choroidal nevus. (Courtesy of Dr. F.C. Blodi.)



tiguous with the melanocytoma at the optic nerve head. Extra-
papillary melanocytomas are quite similar to other uveal nevi
but tend to be much more pigmented.

In about 15% of cases, a subtle growth of the tumor at the
optic nerve head is seen. Some larger melanocytomas may also
undergo necrosis and liberate pigmentary debris into the vitreous
cavity. Retinal vascular occlusion at the optic nerve head can
occur with melanocytomas. In extremely rare cases, malignant
transformation to melanomas has been described.2,21

Diagnosis is usually made by ophthalmoscopy alone.
Fundus photography, fluorescein angiography, and visual field
testing may be helpful for comparison on follow-up visits.
Echography is not necessary in most cases.

CONGENITAL HYPERTROPHY OF THE
RETINAL PIGMENT EPITHELIUM

Congenital hypertrophy of the retinal pigment epithelium
(CHRPE) is fairly commonly seen on routine ophthalmoscopy
and usually does not cause any symptoms. There are two rec-
ognized clinical forms: solitary lesions and multifocal grouped
pigmentation of the RPE, also known as bear tracks. The lesions
seen in these two variants are similar histologically and proba-
bly have a similar pathogenesis. The lesions are typically hyper-
pigmented although amelanotic lesions are seen as well.

CHRPE has no racial predilection, in contrast to choroidal
nevi, choroidal melanomas, and melanocytomas, which may
be related to the fact that the other tumors are derived from
uveal melanocytes rather than the RPE. The diagnosis of
CHRPE lesions is typically made on the basis of the clinical
appearance of the lesion. Visual field testing has demonstrated
defects in older individuals that are secondary to degeneration
of the overlying photoreceptors. Therefore, lesions in the
macula may cause visual loss with time.

Solitary CHRPE lesions are usually hyperpigmented with a
sharply demarcated border that may be smooth or scalloped (Fig.
8-4). The lesions are usually flat, vary from 1 to 6 mm in diam-
eter, and are more commonly found in the temporal fundus.
CHRPE lesions may show central lacunae or peripheral depig-
mentation (Fig. 8-5). Overlying retinal vessels may be attenu-
ated, but there is typically no invasion into the retina. Some
solitary CHRPE lesions may be completely nonpigmented.
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FIGURE 8-4. Congenital hypertrophy of the retinal pigment epithelium
(CHRPE). Note the fairly distinct border of the lesion.

FIGURE 8-5. CHRPE lesion with several hypopigmented lacunae and a
surrounding halo.



There may be one to three lesions per eye, but bilateral involve-
ment occurs only in 1% to 2% of cases.18 Although growth of
these lesions may occur, there is no known potential for malig-
nant transformation.

The multifocal variant of CHRPE, similar to the solitary
form, does not usually cause symptoms. Ophthalmoscopically,
multifocal CHRPE lesions are usually grouped in one sector of
the fundus (Fig. 8-6). Several small, variably sized lesions are
arranged such that they resemble animal footprints (bear tracks).
They do not typically have the lacunae or halos of depigmenta-
tion that are noted in the solitary form of CHRPE. Occasionally
lesions may be amelanotic and are sometimes referred to as
polar bear tracks.

CHRPE AND INHERITED
GASTROINTESTINAL POLYPOSIS

CHRPE lesions have been associated with familial adenomatous
polyposis, Gardner’s syndrome, and Turcot’s syndrome.16,24 These
autosomal dominant syndromes are associated with a very high
risk of developing adenocarcinoma of the colon by age 50 years.
Polyps may develop in early childhood. These patients may also
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FIGURE 8-6. Multifocal CHRPE or “bear tracks.”



have skeletal hamartomas and various other soft tissue tumors.
The identification of typical CHRPE lesions may provide very
useful diagnostic information to potentially affected offspring
whose intestinal manifestations develop at a later age. Mutations
of the APC gene are causative in some patients.20a

The presence of four or more CHRPE lesions not restricted
to one sector of the fundus or bilateral involvement should make
one suspicious of a familial polyposis syndrome. In addition, the
CHRPE lesions seen in these patients have a characteristic
appearance (Fig. 8-7). They tend to be oval in shape, oriented hor-
izontally, and typically have a hypopigmented area that gives
them a fishtail or comet-like appearance. There is no known
histopathological difference between the CHRPE lesions associ-
ated with familial polyposis and those that are not.

Histopathologically, CHRPE lesions consist of focal areas
of taller retinal pigment epithelial cells densely packed with
pigment granules that are also larger than those found in the
normal surrounding RPE. Within the lesions, areas of decreased
density of the pigment granules have been noted and probably
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FIGURE 8-7. Macular CHRPE lesion in a patient with intestinal poly-
posis. Note the horizontal orientation of the “fishtail” lesion. (Courtesy
of Dr. T.A. Weingeist. Previously published in Ophthalmology 1991;98:
113, used with permission.)



correspond to the depigmented lacunae seen clinically. The
overlying Bruch’s membrane may be thickened, and the pho-
toreceptors are usually very sparse or absent.

CONGENITAL HYPERPLASIA OF 
THE RETINAL PIGMENT 
EPITHELIUM

Congenital hyperplasia of the retinal pigment epithelium (RPE)
(Figs. 8-8, 8-9) is far less common than CHRPE. Asymptomatic
children and adults have been diagnosed with this condi-
tion following ophthalmoscopic examination. Unlike typical
CHRPE lesions, these hamartomas are composed of hyperplas-
tic RPE cells that extend anteriorly into the overlying retina.
Histopathologically, these lesions are probably characterized by
sheets of increased numbers of fairly normal sized RPE cells.4

There has been no demonstrated malignant transformation of
these lesions.
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FIGURE 8-8. Congenital hyperplasia of the retinal pigment epithelium
(RPE). (Courtesy of Dr. S. Pautler.)



COMBINED HAMARTOMA OF 
THE RETINAL PIGMENT 
EPITHELIUM AND RETINA

The clinical entity of a combined hamartoma of the retinal
pigment epithelium and sensory retina was first clearly defined
by Gass.7 These tumors are quite rare. Clinically, the lesions
may be found at any age including early childhood and infancy.
The previous clinical history is often noncontributory, and the
patient’s visual complaints are dependent on the location of the
tumors.

Ophthalmoscopically, the tumors may be located in a jux-
tapapillary (Figs. 8-10, 8-11) or peripheral distribution. Patients
with juxtapapillary tumors are more commonly seen in young
adulthood because of decreased or distorted vision. The tumors
tend to be poorly-defined, elevated, variably pigmented, and
involve part of the optic nerve and the adjacent retina. Tortuos-
ity of the large retinal vessels emanating from the optic nerve
head, a prominent feature, may be worsened by contraction of
the fibroglial tissue. Additionally, the tumors may have a 
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FIGURE 8-9. Fluorescein angiogram of the lesion in Figure 34-8. Note
extension of the tumor into the overlying retina with retinal vascular
changes.
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FIGURE 8-10. Juxtapapillary combined hamartoma of the RPE and
retina.

FIGURE 8-11. Fluorescein angiogram of the lesion shown in Figure 
8-10. Note the vascularity of the lesion and the distortion of the sur-
rounding retinal vessels.



prominent capillary network that can lead to macular exuda-
tion. Retinoschisis, intraretinal and subretinal lipid deposition,
and retinal hole formation have been described.20 Rarely, retinal
hemorrhage, vitreous hemorrhage, or choroidal neovascular
membranes occur. When located peripherally, dragging of the
retinal vessels is a prominent feature. Regardless of location, the
tumors have a variable composition of glial tissue and RPE.

The visual prognosis is dependent on the location of the
tumor. Most peripheral lesions are asymptomatic and tend to 
be associated with good vision. Visual acuity in juxtapapillary
lesions is dependent on the extent of macular distortion or optic
nerve involvement. Overall, approximately 40% of patients main-
tain vision of 20/40 or better and approximately 30% of patients
have vision that is 20/200 or worse.19 Vitrectomy to relieve trac-
tion caused by epiretinal membrane formation usually does not
improve vision.15

The diagnosis of combined hamartomas is based on the clin-
ical appearance of the lesions. Fluorescein angiography may
provide useful information regarding the vascular abnormalities
associated with the tumor. Echography is of little value.

The pathogenesis of these lesions is not fully understood,
but they may be developmental or arise secondary to inflam-
mation. Evidence to support the notion that these are devel-
opmental tumors comes from cases in which the combined
hamartomas are associated with neurofibromatosis, congenital
anomalies of the optic disc, incontinentia pigmenti, X-linked
retinoschisis, and facial hemangiomas.10 Histopathologically,
disorganization of retinal architecture is noted. Sheets of pro-
liferating RPE are seen along with increased numbers of blood
vessels. Fibroglial tissue on the inner surface of the retina and
vitreous condensations are a prominent feature in some cases.

CHOROIDAL OSTEOMA

Choroidal osteomas are benign tumors of the choroid consisting
of mature bone that are usually found in a juxtapapillary or a
macular location (Fig. 8-12). They are typically discovered in
women in their teens and twenties. Occasionally, they may be
seen in men and adults older than 30.The symptoms at the time
of diagnosis are dependent on the location of the osteoma as well
as the presence or absence of an associated serous or hemor-
rhagic detachment of the retina. The lesions may be bilateral in
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20% to 25% of cases. There is no known predilection for race.
The exact incidence of choroidal osteoma is not known.

Ophthalmoscopically, a choroidal osteoma typically appears
as a slightly elevated, yellow to orange subretinal lesion. At the
time of diagnosis, mottling of the overlying retinal pigment
epithelium is frequently present. Multicentric lesions may
occur, but solitary lesions are the norm. A pathognomonic
feature of choroidal osteoma is the appearance of small vascular
tufts that emerge on the anterior surface of the tumor. These
tufts are particularly evident with fluorescein angiography and
represent feeder vessels exiting from the spaces between the can-
cellous bone that make up the tumor. These blood vessels do
not cause exudation or hemorrhage.9 The presence of subretinal
fluid or hemorrhage are signs of choroidal neovascular mem-
brane development. Laser photocoagulation should be consid-
ered if the choroidal neovascular membrane appears to be vision
threatening. Several treatment sessions may be required to erad-
icate the new blood vessels.

The visual prognosis of a choroidal osteoma is dependent 
on its location. Subfoveal lesions tend to have the worst prog-
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FIGURE 8-12. Juxtapapillary choroidal osteoma extending into the
macula. Note the pigmentary changes in the macula.



nosis, with gradual visual loss secondary to progressive degen-
eration of the overlying retina or serous detachment. Most
patients with juxtapapillary osteomas tend to have a better 
prognosis.

Diagnosis of choroidal osteomas is best made by ophthal-
moscopic examination and fluorescein angiography. Echography
may be useful in differentiating choroidal osteomas from similar
lesions. A-scan ultrasound typically shows a sharp high-
intensity echo spike from the anterior surface of the tumor,
along with high internal reflectivity (Fig. 8-13). A CT scan may
show the characteristic appearance of a radioopaque lesion at the
level of the choroid.

The exact pathogenesis of choroidal osteomas is unknown.
Intraocular calcification has been noted in association with
trauma, inflammation, congenital malformations, and long-
standing retinal detachment, as well as abnormalities of calcium
and phosphorus metabolism. Choroidal osteomas have similarly
been described following a history of trauma or intraocular
inflammation but most are seen in the absence of any associ-
ated ophthalmic problems. Female hormones probably play a
role in the pathogenesis of choroidal osteomas given its prepon-
derance in women. Familial occurrence of choroidal osteomas
has also been reported.17

Two conditions that may be confused with typical choro-
idal osteomas are sclerochoroidal calcification and the nevus
sebaceous of Jadassohn. Sclerochoroidal calcifications are typi-
cally seen along the superotemporal arcade and are more fre-
quently multifocal. In older patients, they may occur in the
absence of any abnormalities of calcium or phosphorus metab-
olism and probably represent calcification at the site of 
insertion of the superior oblique muscle.23 The linear nevus
sebaceous syndrome (of Jadassohn) consists of midline facial
skin lesions, seizures, mental retardation, and ophthalmologic
abnormalities. The ophthalmic abnormalities include conjunc-
tival lipodermoids, colobomata of the lids, iris, choroid, and disc,
angiomas of the orbit, osseous choristomas of the choroid
(similar to typical choroidal osteomas), and subretinal neovas-
cularization.13
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FIGURE 8-13. Echography of a typical choroidal osteoma. The b-scan
shows the highly reflective tumor (small arrow) with shadowing posteri-
orly (large arrows). The a-scan shows a sharp peak (arrow) that represents
the anterior surface of the tumor with decreasing echoes posteriorly.
(Courtesy of Dr. K. Ossonig.)



TUBEROUS SCLEROSIS

Tuberous sclerosis, first described by Bourneville in 1880, con-
sists of the triad of adenoma sebaceum, seizures, and variable
mental retardation. There are many other cutaneous, CNS, and
systemic features, discussed elsewhere in this volume.

The most characteristic fundus lesion seen in tuberous scle-
rosis is an astrocytic hamartoma of the optic nerve head or the
retina; these are estimated to occur in approximately 50% of the
patients with tuberous sclerosis. Astrocytic hamartomas are not
a pathognomonic feature of tuberous sclerosis, as they may
occur in neurofibromatosis as well. Moreover, it is unclear what
percentage of astrocytic hamartomas is associated with tuber-
ous sclerosis. Most patients with astrocytic hamartomas are
asymptomatic, but gradual visual loss may be related to tumors
at the optic nerve head or in the macula. These tumors can occur
in the pediatric population.

Ophthalmoscopically, one or more elevated, white, fairly
well circumscribed lesions arising from the inner retinal surface
or the optic nerve are seen (Fig. 8-14). In younger patients, the
lesions may be smaller, less opaque, and have poorly defined
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FIGURE 8-14. Typical “gelatinous” retinal astrocytoma in a patient with
tuberous sclerosis. (Courtesy of Dr. F. Judisch.)



margins; these may be mistakenly diagnosed as retinoblastoma.
Another striking feature of astrocytic hamartomas is the char-
acteristic nodular calcification that may give a mulberry appear-
ance that has also been likened to fish eggs or tapioca (Fig. 8-15).
The calcification seen in retinoblastoma is usually dull and
chalky white as opposed to the more glistening yellow, nodular
calcification that is seen with astrocytic hamartomas. Dilated,
tortuous retinal feeder vessels are a more common feature of
retinoblastomas than of astrocytic hamartomas.22

Diagnosis of astrocytic hamartomas is usually made on the
basis of the ophthalmoscopic appearance and associated findings
of tuberous sclerosis. Fluorescein angiography reveals varying
degrees of vascularity within and on the surface of the tumor.
There is an invariable leakage of dye from the tumor vessels late
in the angiogram, which may pool within the cystic areas of the
tumor. Echography is helpful for larger tumors but is of little
value with smaller tumors.

Histopathologically, the tumors are composed of well-
differentiated, spindle-shaped fibrous astrocytes with round or
oval nuclei and abundant eosinophilic cytoplasm. Some authors
have stressed the importance of the vascular component of these
lesions, which may suggest a link between these typically glial

242 handbook of pediatric retinal disease

FIGURE 8-15. Retinal astrocytoma with calcifications appearing like
“tapioca.”



tumors and the retinal capillary hemangiomas seen in von
Hippel–Lindau syndrome.3 The calcification seen clinically has
been verified histopathologically. The most common retinal
finding in tuberous sclerosis is usually reported to be a flat,
hypopigmented macule which appears similar to ash leaf spots
on the skin, however a large British study found this punched-
out lesion in only 39% of patients, compared to a flat translu-
cent hamartoma in 70%. “Mulberry” lesions were found in
55%.18a Mutations of the TSC1 and TSC2 genes cause tuberous
sclerosis.11a

NEUROFIBROMATOSIS

Neurofibromatosis is a syndrome with skin, neurological, and
ophthalmic manifestations and is discussed more fully elsewhere
in this volume. The most common ocular features are the iris
Lisch nodules (probably nevi), neurofibromas of the eyelids, large
corneal nerves, and optic nerve gliomas and meningiomas.

The most frequent retinal lesion seen with neurofibro-
matosis is an astrocytic hamartoma, although these occur less
frequently than in patients with tuberous sclerosis. The astro-
cytic hamartomas seen in both phakomatoses are identical 
clinically and histologically. Additional retinal findings include
myelinated nerve fibers. Multifocal congenital hypertrophy of
the RPE (bear tracks) probably occurs more frequently in asso-
ciation with neurofibromatosis than in the general population.14

Additionally combined hamartomas of the RPE and retina have
been described in patients with neurofibromatosis, lending
support to the idea that the combined hamartomas may be
developmental in origin.10

Choroidal lesions similar to iris Lisch nodules have been
described. Histopathologically, these hamartomas are probably
nevi. Malignant melanomas are also more common in patients
with neurofibromatosis and may be related to the greater
number of nevi.25 Additionally, some patients have thickened
long ciliary nerves (neurilemoma) or may have diffuse thicken-
ing of the uveal tract (neurofibroma), which is probably caused
by proliferation of neurons and Schwann cells of the ciliary
nerves. Choroidal neurofibromas and neurilemomas occur more
frequently in neurofibromatosis than in the general population,
with the former tumor occurring in approximately 35% to 50%
of patients.
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Retinoblastoma and 
Other Malignant

Intraocular Tumors
A. Linn Murphree and Laurie E. Christensen

RETINOBLASTOMA

Early Detection and Treatment
Much of the vision loss that we as pediatric ophthalmologists
accept as normal with retinoblastoma can be prevented or
reversed with aggressive screening, early diagnosis, and treat-
ment. In fact, we are convinced that in the coming decades
detecting early disease by lowering the average age at initial
diagnosis will prove to be a much more efficient and cost-
effective way to manage retinoblastoma than developing exotic
new drugs or gene therapy for advanced disease. For retinopathy
of prematurity (ROP), we readily accept that early detection and
treatment can prevent vision loss. The problem there, however,
seems a bit more manageable; the children at risk for ROP all
belong to a small and easily identifiable group based on low birth
weight.

In the absence of a family history of retinoblastoma, the
problems of screening for retinoblastoma would, on first glance,
appear to be a logistical nightmare. Changing practice patterns
to include instillation of a mydriatic drop as a routine part of
well-child care can be a simple, easy-to-perform, effective
adjunct to the red-reflex exam already used by pediatricians.
Unfortunately, achieving that change in practice patterns, even
for something as simple as a single instillation of a drop in each
eye (a 10-second, 15-cent, intervention), will require overcom-
ing major conceptual hurdles.

9
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The first hurdle is the rarity issue. The argument goes like
this: “Retinoblastoma is so rare, that I (the pediatrician) will see
only 2 to 3 cases in my 30 years of practice. Are you telling me
I must screen 25,000 to 35,000 infants to find those 2 to 3 cases
early?” The response to that argument is simple. Well-child care
is all about screening and prevention.

Most pediatricians already screen for retinoblastoma. Cur-
rently they either perform, or know that they need to perform,
the pupillary red-reflex exam. As a result, the proposed change
in practice patterns to include pupil dilation as part of well-child
care does not add a single step to the physical examination that
is already a part of the well-child visit. The current practice of
performing the pupillary red-reflex exam with an undilated pupil
is like listening for a heart murmur without a stethoscope; it is
hardly worth the trouble.

It is true that retinoblastoma is rare, affecting at most only
1 in 12,000 infants. However, if the incidence of retinoblastoma
is combined with congenital cataracts, the other major treatable
congenital developmental anomaly of the eye, intraocular
pathology that can be treated successfully before the end of the
third month of life would be found in 1 of every 750 infants
screened. To put these numbers in perspective, the incidence of
congenital heart disease is about 1 in 500 live births; congenital
dislocation of the hip affects 1 in 1,000 infants. A major reason
neonatal well-child examinations exist is to screen for both
these developmental disorders because early diagnosis and treat-
ment is essential for the well-being of the child. During the 1-
or 2-month well-child visit, pediatricians accurately listen for
faint heart murmurs and competently manipulate the hip joint
for evidence of a congenital dislocation. They do not, as yet, ade-
quately screen for treatable intraocular pathology.

The second hurdle to achieving practice pattern changes
that encourage dilation of the pupil in the primary care office
relates to their personal past experience screening for intraocu-
lar pathology with an undilated pupil. Most pediatricians
received little medical school training in ophthalmology and 
feel unprepared to screen for intraocular pathology. They all,
however, know that the red-reflex examination is the best way
to screen for retinoblastoma. They are generally now uncom-
fortable, however, with the routine results they get from the
undilated red-reflex screen. The pupil is so small, often 2mm 
or less, that the data from the test are inconclusive. The ration-
ale for checking the “eyes normal” box is that because the
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disease is rare, the chances of being right are very high. Unfor-
tunately, the chances of overlooking the presence of a large
intraocular tumor are also high.

The third hurdle to the concept of pupil dilation in the
primary care office is the misperceived burden that a single
instillation of a mydriatric drop would impose on the doctor,
office staff, and office routine. Poorly or misremembered infor-
mation from medical school mixed with past personal experi-
ence contributes to this problem. Examples of misremembered
information include (1) dilating the pupils causes glaucoma; (2)
dilating the pupil takes three instillations of drops 5 min apart
and then a wait of 30 min; (3) holding down a child to put in
dilating drops requires three or four office staff members and
totally disrupts the office routine; (4) dilating the pupils requires
more work from the pediatrician that will not be separately
reimbursed; and (5) dilating the pupils will obscure critical
information that could be gathered from the pupil exam before
dilation.

Each of the five misremembered “facts” about pupil dilation
commonly used by those opposed to the use of dilation as a part
of the 1- or 2-month well-baby examination is pure myth.

1. Pupillary dilation causes glaucoma in older adults 
with narrow anterior chambers, not in infants. Iatrogenic glau-
coma has not been a concern or a finding in the hundreds of
thousands of tiny infants dilated for ROP screening in the last
decade.

2. A single instillation of a single agent, 1% tropicamide,
gives 5 to 6mm of dilation at 20min, more than adequate for
red-reflex screening

3. Three or four people might be required to hold down a 3-
or 4-year-old to put in eye drops, but the subjects of our inter-
est are newborn infants no more than 1 to 2 months old. When
they are placed supine to be weighed, the nurse makes a “lake”
of 2 to 3 drops of tropicamide over the inner edge of the lid
fissure. If the “lake” wets the lashes to the lateral edge of the
fissure and excess runs down the temple toward the ear, the drop
is “in.” There is no need or benefit of holding the lids open. If
the drop does not get “in” immediately, gentle manipulation of
the upper lid with the thumb on the brow will accomplish the
trick. Holding the infant down is not necessary.

4. Dilating the pupil as part of the well-baby examination
requires no extra effort on the part of the pediatrician. In fact,
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pediatricians who have been doing this routinely in their prac-
tice for more than 8 years report that except that they now get
a wonderfully informative red-reflex examination on virtually
every baby, they are not consciously aware of the mechanics of
the dilation process. They always performed the red-reflex
examination. The only difference is that now they get useful
information.2

5. Drops are not instilled during the first examination of the
child by the pediatrician, which usually occurs before discharge
from the hospital. Significant anisocoria or papillary pathology
would be noted on that exam.

Finally, failure to recognize the signs of retinoblastoma early can
often be blamed on poor communication between parents and
pediatrician. Several factors contribute to this problem: (1)
parents see the leukocoria and pediatricians generally do not
(because of the small pupil); (2) pediatricians find it hard to
believe that the parents or other lay family members can see
signs of disease that they (the trained professionals) cannot; and
(3) parents accept reassurance from the pediatrician because they
question their own observations of the abnormal white “glow”
that is present only some times. When an irritated authority
figure suggests that they might be imagining things and that
they are overreacting, the parents often question the validity of
their own observations and quietly acquiesce to the opinion of
the professional.

Clinical Presentation
Any white or yellow lesion in the posterior segment of the eye
in a child under 5 years of age should raise the possibility of
retinoblastoma. This disease is highly curable in its early stages
but can be fatal if the diagnosis is missed or delayed. When the
fundus of a young child cannot be seen clearly for whatever
reason, a CT scan or ocular ultrasound is essential to rule out
the presence of intraocular calcium before surgically entering
the eye.

Retinoblastoma rarely, if ever, causes pain and discomfort
unless secondary glaucoma is present. Evidence that the child
does not see well is nonexistent in unilateral disease where one
eye is normal. Even in bilateral disease, it is rare for the macula
in both eyes to be destroyed by the tumor, although in advanced
disease this can happen.
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Clinical signs of retinoblastoma relate to the tumor location,
size, and color (Table 9-1). In the majority of cases, the diagnosis
of retinoblastoma is straightforward. In a large majority of chil-
dren with this disease, a parent or family member first notes the
presence of a white pupillary reflection or reflex (leukocoria). A
posterior pole tumor as small as 3 to 5mm in diameter has the
capacity to create leukocoria.

The term that parents use for the leukocoria observation is
rarely the textbook-cited “cat’s eye.” Usually it is a “g” word,
such as “gleam, glow, glare, or glint” (Fig. 9-1). Parents are often
unsure of their observation because they see it only intermit-
tently. It is most obvious near the end of the day when the light
is low and the pupil dilates naturally. It is common for parents
to seek brighter light for a better look. A combination of the
child’s near pupillary reflex (from the parent’s face near the child)
and the brighter light almost always defeats that effort, leaving
the parent questioning their earlier observation.

In other infants, loss of binocularity and central vision in
one eye because of a tumor in the macula is the reason that stra-
bismus may be the first sign of the tumor. In the genetically pre-
disposed individual in whom the tumor appears in the first few
months of life, there seems to be a predilection for the posterior
pole, most likely because of the number of dividing retinoblasts
in the macula at this stage of retinal development. In any case,
a macular tumor is likely to be in position to reflect incident
light, and create leucocoria (see Fig. 9-1). It is rare for a
retinoblastoma to be initially discovered during a dilated fundus
exam done for an unrelated reason. However, we have found
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TABLE 9-1. Differential Diagnosis of Leukocoria.
1. Retinoblastoma
2. Persistent hyperplastic primary vitreous (PHPV)
3. Cataract
4. Retinopathy of prematurity
5. Toxocariasis
6. Coloboma of choroid
7. Uveitis
8. Coats’ disease
9. Vitreous hemorrhage

10. Retinal dysplasia
11. Tumors other than retinoblastoma
12. Retinal detachment
13. Corneal opacity
14. Myelinated nerve fibers



three unsuspected retinoblastomas during routine screening for
retinopathy of prematurity in at-risk infants.

Unfortunately, unless there is bilateral retinoblastoma in a
parent, appropriate screening for retinoblastoma is rarely a part
of well-child care. This unfortunate situation accounts for the
average age of diagnosis of 12 months for sporadic new bilateral
disease. The suspected diagnosis of retinoblastoma is confirmed
when ophthalmoscopy reveals one or more nodular masses 
that appear creamy white. Tumors larger than 3 mm will 
have intralesional vascularization (Fig. 9-2). Atypical cases of
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FIGURE 9-1A,B. Snapshots obtained from family of an 18-month-old
child with unilateral retinoblastoma OS. (A) At 15 months of age, red
reflexes are evident bilaterally. (B) At 17 months of age, leukocoria is
obvious in the left eye. Old photographs can be helpful in dating the onset
of leukocoria or strabismus.

A

B



retinoblastoma are of concern because they can be confused
with other disorders. Traumatic hyphema, vitreous hemorrhage,
or glaucoma can obscure an underlying retinoblastoma. Such
misdiagnoses can lead to an inappropriate surgical intervention.
Opening an eye containing an unsuspected retinoblastoma dra-
matically increases the risk of tumor spread outside the eye.
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FIGURE 9-2. Fundus photograph of typical endophytic retinoblastoma:
right eye of an 18-month-old child who presented with a 2-month history
of an “unusual glint or reflex” in the right pupil. There is no tumor in
the left eye, and the family history is entirely negative for evidence of
retinoblastoma or other childhood cancers. This tumor has the smooth,
regular margins that are characteristic of endophytic retinoblastoma.
Calcium inclusions can sometimes be seen in these tumors, and they are
present in this case. The “lacunae” or clear spaces within the tumor mass
are areas of glial differentiation. The creamy, yellow-white, yogurt-like
appearance indicates viable retinoblastoma. The initial diagnosis made
well into the second year of life, the unifocal, uniocular nature of the
tumor, and the absence of a family history are strongly suggestive of spo-
radic, nonhereditary retinoblastoma. However, these clinical findings 
do not allow one to be absolutely certain about the genetic status of 
this child because 15% of genetically predisposed individuals develop
retinoblastoma in only one eye.



When the tumor presents as just described, the diagnosis is
relatively straightforward. Unfortunately, events in the natural
growth cycle of this tumor can create presenting symptoms that
mimic other conditions (Figs. 9-3, 9-4, 9-5, 9-6). One of the most
commonly misdiagnosed clinical signs of intraocular retinoblas-
toma is an orbital cellulitis-like picture caused by massive
necrosis of the intraocular tumor21,42,60 with subsequent trans-
scleral diffusion of a chemical inflammatogenic molecule(s).
Because the necrosis can frequently be accompanied by bleed-
ing, a vitreous hemorrhage associated with a partial or complete
hyphema may also be the presenting sign of a retinoblastoma.37,53

A fundus examination should be part of any workup of a pre-
septal or orbital cellulitis.

When the fundus of a child cannot be seen adequately for
whatever reason, an imaging study (either ultrasound or CT
scan) is essential (Fig. 9-6); this is especially important before
undertaking a vitrectomy to evacuate the blood. An eye mas-
sively filled with retinoblastoma may lead to angle-closure glau-
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FIGURE 9-3. Eye of a 3-year-old child who presented with an intraocu-
lar mass OD. There was concern about the possibility of an intraocular
ocular malignancy. The cornea in the right eye was 1 mm smaller than
in the left eye. Slit lamp exam showed a vascularized membrane with
anterior synechia. Ultrasound showed a stalk going from the back of the
lens to the nerve head, and a diagnosis of persistent hyperplastic primary
vitreous (PHPV) was made. However, one can appreciate that this could
be confused with retinoblastoma.
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FIGURE 9-4. Fundus photograph of a 5-year-old child with tuberous scle-
rosis. This whitish elevated lesion, slightly smaller than one disc in diam-
eter, looks very much like retinoblastoma. This is the early form of the
astrocytic hamartoma associated with tuberous sclerosis. Eventually such
lesions take on the typical mulberry appearance characteristic of tuber-
ous sclerosis. At this point, however, it could be confused with an active
or regressed retinoblastoma.

coma by pushing the lens–iris diaphragm forward and occluding
the anterior chamber angle. A surgical procedure for glaucoma
should not be undertaken in a child without either a clear view
of the posterior pole or an imaging study that rules out the pres-
ence of an intraocular mass. In most cases, the presence of a
retinoblastoma in an eye does not cause pain. If, however, there
is associated hemorrhage or angle-closure glaucoma, then pain
may be a presenting symptom.

Epidemiology
Retinoblastoma is a rare disease but is disproportionately impor-
tant because its misdiagnosis is one of the few errors in the prac-
tice of ophthalmology that can lead to the death of a child. The
prevalence of retinoblastoma in the developed world seems to
be about 11 cases per 1 million children under 5 years of age. A
less useful but more commonly used measure is the incidence
rate. The incidence is expressed as a ratio of the number of cases



FIGURE 9-5A,B. This 4-month-old child was referred for evaluation of a
mass in the right eye, which was noted to be smaller than the left at birth.
A right esotropia developed at 2 months of age. (A) Clinical appearance
of the child at 4 months of age with the smaller right eye. (B) Fundus
examination revealed a white mass centered over the optic nerve with a
pigmented ring around the base. About 40 fine radial vessels entered the
mass around the perimeter. The left eye was normal. Initially the mass
did not demonstrate calcification, and the clinical impression was that
the mass represented some type of developmental anomaly. Retinoblas-
toma was not considered a strong possibility because that tumor does not
arise from the optic nerve. Repeat examination 5 weeks later showed that
the mass had doubled in size. Repeat CT scan confirmed the increased
size but still showed no evidence of calcification. The right eye was sub-
sequently enucleated for diagnostic reasons. Histopathology revealed a
total retinal detachment with retinal dysplasia. The mass appeared to be
a choristomatous malformation of the optic nerve consisting of an
abnormal localization of meningothelial cells around the central retinal
vessels.
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FIGURE 9-6A,B. A 7-year-old boy presented with pain and redness of the
left eye of 1 week duration. (A) Physical examination revealed hand
motions vision, a mild anterior chamber reaction, and an intense vitre-
ous reaction. The other eye was normal. Because of the child’s age and
the presence of anterior and posterior chamber inflammation, toxocara
and toxoplasmosis were high on the list of differential diagnoses. (B)
Ultrasound and CT demonstrated a posterior pole mass but no evidence
of calcification. Because of the presence of the mass (even without calci-
fication), a diagnosis of retinoblastoma was under consideration.

newly diagnosed in any given year to the number of live births
recorded in that year. Obviously not all new cases of retinoblas-
toma are diagnosed in the first year of life, but the ratio is a
useful one. The incidence rate most commonly cited is 1 case
of retinoblastoma per 15,000 to 18,000 live births.11,33,45,62



The estimate, from several decades ago, of 1 in 15,000 to 1
in 18,000 either is an underestimate or the perceived total
number of new cases today is an overestimate. An overestimate
could result when the family of a child with retinoblastoma
seeks treatment advice in several ocular oncology centers and is
counted several times. According to the 2000 census figures,
there were 4,340,000 live births in the United States and Canada
during that year. If the number of new cases of retinoblastoma
generally agreed upon (300 in the United States and 50 in
Canada) are, in fact, diagnosed annually, then the incidence
figure for retinoblastoma in North America is 1 in 12,400 live
births. The incidence rate more commonly cited of 1 in 15,000
require that only 289 cases of retinoblastoma be newly diag-
nosed in the United States and Canada. There is a great need for
a national registry to answer questions such as this. The newly
organized Children’s Oncology Group (COG), formed from a
merger of the Children’s Cancer Group (CCG) and the Pediatric
Oncology Group (POG), is interested in establishing a national
retinoblastoma registry.

Worldwide there is evidence that unilateral retinoblastoma
may be much more common in some underdeveloped countries,
particularly in Mexico and Central America, in the countries of
central Africa, and on the Indian subcontinent. There is evidence
in one study reported from Mexico that a high incidence of
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FIGURE 9-6C. (C) The child was treated with a short 3-day course of oral
corticosteroids, and the vitreous cleared, revealing a classic retinoblas-
toma. A repeat CT scan showed calcification for the first time. All the
presenting findings in this child were “out of character” for retinoblas-
toma. A correct diagnosis would not have been made without a high index
of suspicion.



endemic human papilloma viral (HPV) infection may be associ-
ated with the larger than expected number of cases of retinoblas-
toma.43a It is known that one of the HPV proteins can bind with
and inactivate the Rb-1 protein pRb. Inactivating the protein
could have the same effect as a mutation in the gene manufac-
turing the protein: insufficient active protein is available to the
cell to halt cell division.

In Los Angeles, the number of Rb patients with Latino sur-
names is higher than would be expected based on population.
We will be studying this issue in collaboration with the author
of the report on the HPV as a possible causal factor for the
increased number of unilateral cases of retinoblastoma.

Etiology
The protein product of the gene (Rb-1) associated with retinoblas-
toma is known to be an indispensable component of the normal
cell machinery for regulation of its own growth. The normal role
of this growth suppressor gene product can be thought of as a stop-
light to the traffic of cell growth. For the cell to divide, it must
change the light to green (which it accomplishes by attaching 
a phosphate group and temporarily inactivating the suppressor
protein). After completion of one cell division, the traffic light
again turns to red (the phosphate group is removed, reactivating
the growth suppressor protein). We now know that loss or inac-
tivation of the product of the retinoblastoma gene, RB-1, is
required for transformation of a retinoblast into a malignant cell.39

This protein may be missing or defective as a result of either an
inactivating mutation or deletion of both maternal and paternal
alleles of the Rb gene in chromosomal region 13q14. Knudson pre-
dicted that two mutational events were required for the appear-
ance of retinoblastoma, but there was no evidence at that time
that the mutational events were allelic (present in both the mater-
nal and paternal copies of the gene).32 It was not until Cavenee
and colleagues demonstrated the presence of recessive cancer
genes through reduction to homozygosity that the allelic nature
of the retinoblastoma mutations was clearly delineated.9

The nongenetic form of retinoblastoma (unifocal, unilateral
disease) can result when two independent, inactivating muta-
tions happen by chance to occur together in a single retinal cell.
Another possible etiology, as already discussed, is the presence
of a viral protein that inactives the Rb-1 gene product. In both
scenerios, the germline is uninvolved and thus genetic trans-

258 handbook of pediatric retinal disease



mission of a predisposition to Rb is impossible. Approximately
60% of all retinoblastoma cases are of the unilateral, nonhered-
itary type. A basic hypothesis of Knudson’s classic publication
was that two independent mutational events would take a
longer time to occur than a single one, which would explain 
the observation that children with unilateral, nonheritable
retinoblastomas are older on the average than those with an
inherited predisposition.30,31,32

In the other 40% of patients, an inactivating mutation or
deletion in one of the two alleles of the RB-1 gene (we refer to
this event as the “predisposing mutation”) is either inherited
from one parent who is known to be affected (10%), or occurs
spontaneously in the sperm or egg (90% of spontaneous new
mutations are paternal in origin) at or near the time of concep-
tion. This event accounts for the common clinical finding of a
negative family history of retinoblastoma following the birth of
a child with bilateral retinoblastoma. Regardless of whether the
predisposing mutation was inherited from a parent or occurred
de novo in a sperm or egg, all the cells of the developing child
carry the predisposing mutation and have only one normal copy
of the Rb gene.

The presence of a single predisposing, inactivating mutation
is not, however, sufficient to cause the tumor. A second inacti-
vating mutation is required for tumor formation and occurs in
one or more individual retinal cells in each eye, usually as a
result of an error at mitosis. Because the frequency of such an
event is approximately 1 per million developing retinal cells, and
there are several million cells at risk in each eye, several dis-
crete, independently arising retinoblastomas would be expected
to occur in each eye of genetically predisposed “gene carriers,”
and this is exactly what is observed.

As the second (tumorigenic) mutation occurs by chance
alone, the number of tumors in each eye assumes a normal dis-
tribution, and about 15% of patients who “carry the gene”
develop tumors in only one eye. Such individuals are at risk for
transmitting the disease to their children even though they have
only unilateral disease. If the tumorigenic mutation does not
occur in either eye, the individual is a nonexpressing “gene
carrier.”

In approximately 3% of retinoblastoma cases, a karyotypi-
cally visible deletion of chromosomal region 13q14 is present.
The clinical appearance or phenotype of these patients relates to
the extent of the deletion (Fig. 9-7).
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A

B
FIGURE 9-7A,B. This 2-year-old child was diagnosed with bilateral
retinoblastoma at 4 months of age. (A) Chromosomal analysis demon-
strated a significant deletion of one of the two chromosome 13s, includ-
ing region 13q14, the site of the retinoblastoma gene. (B) The facial
photograph shows the features of the 13 q-syndrome: low-set ears and
facial dysmorphism. The child was developmentally delayed. At 25
months of age, a preauricular mass was noted on the left side of the
child’s face. Excisional biopsy confirmed a primitive neuroectodermal
tumor. This second malignant neoplasm occurred within the field of the
previous external beam radiotherapy.



Staging of Retinoblastoma
The terminology in this area is treacherous. “Staging” is gener-
ally used in oncology to define how extensively a tumor has
become disseminated throughout the body. Because spread of
retinoblastoma outside the eye is rare in the developed world,
the use of the word staging should be reserved for the child with
known metastatic disease. In ocular oncology, because we are
almost always contending with tumor confined to the eye when
retinoblastoma is first diagnosed, the term grouping is more
appropriate.

The currently available Reese–Ellsworth grouping of retino-
blastoma is outdated and needs revision. The Reese–
Ellsworth (R-E) classification was originally developed in the
late 1960s and early 1970s as a guide to predicting visual prog-
nosis in eyes treated primarily with external beam radiother-
apy.47 Both tumor size and location were assigned major roles in
the R-E grouping. More than 10 years ago, most ocular oncology
centers treating this disease began using chemotherapy as
primary therapy.

With primary chemotherapy, tumor size and location is
less important than the presence of intraocular dissemination
of the tumor in predicting ultimate outcome. The beta version
of a new classification for intraocular retinoblastoma is cur-
rently being evaluated in a number of major centers interna-
tionally. Publication is expected soon.

Clinical Presentation

NATURAL HISTORY

The natural history of retinoblastoma is to fill the eye, then
continue local expansion into the periocular tissues (Fig. 9-8),
and finally the brain. Bloodborne metastases may occur
before, during, or after local extension and spread the tumor
to distant sites, primarily bone and bone marrow. The disease
is uniformly fatal if left untreated. Occasionally, an apparent
retinoblastoma (retinoma) may display evidence of involution
and appear as a treated scar (Fig. 9-9).

Early retinoblastoma lesions are barely perceptible, round
elevations in the retina, and are sometimes found only by detect-
ing the circular retinal reflex formed by their shape. Multiple
lesions appear at various times in genetically predisposed
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B
FIGURE 9-8A,B. Extraocular retinoblastoma in the United States is rare.
However, in Third World countries it may be the most common pre-
senting sign of the disease. (A) 3.5-year-old child from Mexico presented
with extraocular disease in the right eye and intraocular disease in the
left. On CT scan, there was no evidence of intracranial disease. He was
treated with chemotherapy for the extraocular disease, which responded
dramatically. External beam radiotherapy was given for the intraocular
disease in the left eye with approximately 60% of the dose delivered
across the midline to the right orbit. Subsequently, the right eye became
shrunken and phthisical. The eye was then removed. Fortunately, the
disease had extended only anteriorly and had not invaded the optic nerve
or the retrobulbar space. (B) Patient is wearing his ocular prosthesis and
safety glasses. Five years later he was free of retinoblastoma recurrence
but had developed an osteosarcoma of the left arm.



patients (Fig. 9-10). The earliest lesions do not appear to have
tumor vascularization. These very small lesions may be virtu-
ally transparent, but as they enlarge they become more opaque.
Once a retinoblastoma has reached one disc diameter in size, 
it usually has the characteristic appearance of frozen yogurt.
Untreated tumors are fairly uniform. This opacity distinguishes
them from treated and inactive tumors that are “gauzy” or par-
tially transparent (type II regression).

As tumors enlarge, clonal overgrowth frequently leads to an
asymmetrical spread away from the original tumor base; this can
be particularly evident in tumors of the posterior pole, which
frequently “overhang” the disk or macula. During the course of
treatment, it is often a pleasant surprise to see the macula or
disc appear from beneath the retreating tumor mass.

As tumors grow and their demand for a blood supply
increases, the nearest retinal vessels are recruited as tumor
“feeder” vessels. As the flow increases, the size and tortuosity
of these vessels increase. During tumor therapy, a decrease in
the size and tortuosity of these vessels is a positive sign that the
treatment is at least partially successful.

With endophytic growth (growth into the vitreous as a single
mass), two things eventually happen. As the base expands and
as more incompetent tumor vessels form, fluid accumulates
beneath the retina and a serous retinal detachment appears
around the base of the tumor. As the fluid increases, it tends to
move dependently. With large tumors, it is not uncommon to
see a total serous retinal detachment.59 In the presence of a
tumor-associated detachment, it is common for the tumor to
“seed” the subretinal space. Where these small clumps of malig-
nant cells attach to the retinal pigment epithelium (RPE) or the
underside of the detached retina, new tumors may appear in the
distribution of the retinal detachment even if the fluid resolves
with treatment. Visibly detectable tumor nodules on the under-
side of the detached retina at the time of diagnosis make the
salvage of the eye unlikely.

With continued expansion of an endophytic tumor, the
pseudocapsule surrounding the tumor eventually breaks down,
allowing the loosely adherent tumor cells access to the vitreous
cavity. Initially, their growth is stunted by lack of oxygen and
nutrients in this new environment. Eventually, however, they
coalesce into spheres consisting of an inner core of necrotic
tumor cells and an outer shell composed of only two viable cell
layers. The thickness of the vitreous “seeds” is determined by
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FIGURE 9-9A–D. A 7-year-old child was evaluated in an emergency room
following minor head trauma. The ER physician noted poor acuity in the
left eye and also noted an afferent pupillary defect on the left. Subsequent
ophthalmologic evaluation revealed multifocal inactive retinoblastoma
in the left fundus. The child had no previous diagnosis or treatment of
retinoblastoma lesions. (A) Appearance of the larger lesion at age 7 years.
This lesion shows a type II regression pattern (gray, semitransparent).
Adjacent to it is a rather large section of RPE depigmentation. (B) Image
of a second lesion demonstrating a type I regression pattern in which the
residual mass is composed entirely of calcium, giving the tumor a cottage
cheese-like appearance. (C,D) Photographs of the same two lesions 3 years
later show an absence of growth and the maturing of the regression pat-
terns. The typical pattern of regression and the associated depigmenta-
tion of the RPE supports the diagnosis of retinoma or retinocytoma.
(Courtesy of Dr. I. Hsu, Portland, OR.)
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FIGURE 9-9A–D. (continued)



the oxygen diffusion gradient in the vitreous. The use of the
term seeds to describe these structures is most appropriate
because these are relatively dormant carriers ready to “seed”
tumor wherever they can reattach and recruit a blood supply
(Fig. 9-11). An eye with diffuse extensive vitreous seeding is
almost impossible to treat successfully.
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FIGURE 9-10. Fundus photograph of a child with multifocal, bilateral
retinoblastoma. With the exception of one reported case, tumor has not
been documented to spread from one eye to the other; these tumors have
all arisen independently of each other. The findings in this child would
be statistically impossible unless he is genetically predisposed to develop
the tumor. Without genetic predisposition, each of these tumors could
only have arisen as a result of two chance DNA events in the same retinal
cell. Each of those events occurs spontaneously with a frequency
approaching once per 1 million retinoblasts. The frequency of even one
tumor arising in the absence of genetic predisposition is the product of
the individual frequencies or once per 1,000,000,000,000 retinoblasts. In
contrast, if this child is genetically predisposed, he carries one of the two
DNA events necessary for tumor formation in every cell. Only one addi-
tional “once per million” event must occur for a tumor to arise. Because
children have approximately 3 million retinoblasts at birth, a second
tumorigenic event would be expected to occur in an average of three
retinal cells in each eye. Three tumors is about the average number seen
in each eye in patients with genetically predisposed retinoblastoma.



Diffuse infiltrating retinoblastoma is a rare subtype of the
disease that may be diagnosed in older children (average age, 
6.1 years). There is no definite mass and the condition is fre-
quently misdiagnosed as a posterior uveitis. Pseudohypopyon 
is common.5

WORKUP

The only essential laboratory study in the systemic workup of
a newly diagnosed retinoblastoma is an imaging study to demon-
strate the presence of calcium in the eye, either a CT scan with
contrast or echography or both. Magnet resonance imaging (MRI)
is helpful if the retinoblastoma is suspected to be present outside
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FIGURE 9-11. Retinoblastoma can break through its smooth surface and
spread tumor cells into the vitreous. Not infrequently, the early stages of
vitreous “seeding” is a localized event, occurring just over the surface of
an individual tumor. In this figure, the localized vitreous seeding is arising
from a “nipple” or candy kiss-like structure on the surface of a previously
smooth tumor mass. This geographic feature is likely the result of the
rapid overgrowth of a clone of daughter cells, all arising from one tumor
cell, which happened to undergo a mutation that further releases
restraints on growth rate. These spontaneous mutations within tumors
that confer growth advantages are frequently the result of chromosome
rearrangement during tumor cell mitosis and are collectively known as
“progression of malignancy.” As clones of these cells overgrow their
cousins, the nature of the entire malignancy rapidly changes character
toward a more aggressive and life-threatening tumor.



the eye, either in the optic nerve or in the orbit. It is unneces-
sary to order bone scans, extensive blood studies (including liver
function studies), a lumbar puncture, or a bone marrow aspira-
tion and biopsy in the typical case of intraocular retinoblastoma
in which the classic fundus picture is present and calcification
is clearly demonstrable with an imaging study (Fig. 9-12).

Because retinoblastoma most commonly metastasizes to
bone and bone marrow, any unusual bone lesion should be sus-
pected to be caused by metastatic retinoblastoma or, if the
patient is genetically predisposed, by a second malignant neo-
plasm (most commonly osteogenic sarcoma) (Fig. 9-13).59 One of
our patients with bilateral retinoblastoma was treated in another
hospital for several months for a nonhealing bone abscess in the
mandible. Eventually, this lesion was shown to be an osteogenic
sarcoma.

An inflammatory reponse can obscure the classic features 
of retinoblastoma. Figure 9-6 shows findings in a 7-year-old
patient whose clinical diagnosis of toxocara granuloma was
made at grand rounds in a major teaching center. An intraocular
mass was present without clear evidence of calcium on CT scan.
After 3 days of high-dose systemic steroids, the vitreous cleared
dramatically and revealed a typical endophytic retinoblastoma.
Repeat echography showed clear evidence of calcification in the
mass, and a correct diagnosis of retinoblastoma was made.
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FIGURE 9-12. Precontrast CT demonstrates a bright spot of calcification
within the tumor mass in the left eye. Pre- and postcontrast scans both
show calcification, but contrast may be very useful in demonstrating
extraocular involvement. MRI scans do not define calcification but may
prove to be useful in demonstrating optic nerve involvement.
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FIGURE 9-13A,B. This 12-year-old child had a history of bilateral
retinoblastoma diagnosed at age 2 years. The right eye was removed at
the time of diagnosis, and the left eye was treated with external beam
radiotherapy and cryotherapy. There was no history of ocular tumor
recurrence. At age 11, the child began complaining of a “fullness” behind
her left eye. An ophthalmologist examined her three times during the
subsequent 8 months and noted no active retinoblastoma. She then devel-
oped orbital aching, headaches, nausea, vomiting, and a 15-pound weight
loss. Multiple pediatricians evaluated her and thought she was suffering
from a “chronic viral syndrome.” She then developed proptosis and the
inability to move her left eye. (A) Patient’s clinical appearance at this
time. The left eye was proptotic and there was conjunctival congestion
and chemosis. In this photograph she is attempting to look up but cannot.
The right orbit contains a prosthesis. (B) CT appearance at the same time.
A large mass is present in the ethmoid sinus and left orbit inside the radi-
ated field. Biopsy confirmed the clinical diagnosis of osteosarcoma. This
child had symptoms for 8 months before diagnosis. The delay was pri-
marily caused by the failure of her physicians to consider the possibility
of a second malignant neoplasm and to order an imaging study of the left
orbit. Similar cases have prompted the development of a medi-alert card.



Genetic Counseling
Genetic counseling is becoming a more integrated part of the
management of retinoblastoma. Genetic counseling requires a
team approach. The need for fresh tumor tissue for adequate
genetic counseling is one of the best arguments for the treat-
ment of all retinoblastoma, including the primary enucleation
of unilateral sporadic retinoblastoma, at a major ocular oncol-
ogy center. Experienced genetic counselors will have all the nec-
essary information about which blood and tumor specimens are
needed and to which labs they should be sent. Turnaround time
is improving in most of the laboratories; results may now be
available in 8 to 12 weeks. Costs associated with these DNA
tests have not decreased, but more insurance companies are now
paying these charges.

The genetics of retinoblastoma is well understood, and our
tools for affordable, reliable, gene-based genetic counseling are
improving. The “retinoblastoma” gene was cloned almost simul-
taneously in Boston14 and Los Angeles.15 Most people have two
normal copies of the Rb gene in each cell. Individuals genetically
predisposed to retinoblastoma have only one normal copy. The
second copy is defective and does not produce an active protein.
If the single good copy is mutated or otherwise becomes defec-
tive, then the cell is completely released from the growth
restraint imposed by this system. The loss of both copies of the
growth-suppressing gene is required for retinoblastoma to
develop. The loss of both copies of this gene also occurs in 
some cases of other malignancies, including breast, lung, and
prostate.63 In these tumors, the two Rb mutations are not
involved in tumor initiation but are part of the cascade of events
known as progression of malignancy. Gene products that target
and bind the Rb gene protein, such as the SV40 large T antigen,
the E6 antigen of human papilloma virus, and the E1A antigen
of adenovirus, can also cause malignant transformation of cells.16

Homologues of these genes (human oncogenes) are present in
normal cells. Because the Rb gene product binds to oncogene
products, the Rb gene seems to function as an anti-oncogene.

Histopathological Risk Factors for 
Metastatic Disease
Unlike choroidal melanoma, the most differentiated retinoblas-
tomas appear to have the same metastatic potential as the least
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differentiated ones. However, histological examination of the
enucleated specimen is important for another reason. If there is
tumor in the optic nerve past the lamina cribrosa, or massive
invasion of the choroid, or both, then prophylactic chemother-
apy is recommended. However, if the nerve is free of tumor past
the lamina cribrosa, and if there is no evidence of spread through
the choroid into the sclera, then additional treatment is not nec-
essary. Efforts should be made to obtain as long a piece of optic
nerve as possible. Clinical follow-up is especially important in
patients with a genetic predisposition.

Treatment of Intraocular Retinoblastoma
The treatment of intraocular retinoblastoma has evolved signif-
icantly in the last decade and since the first edition of this text-
book. The primary use of traditional teletherapy (external beam
radiotherapy) in the treatment of intraocular tumor is rare. 
Enucleation of eyes with advanced intraocular retinoblastoma
in unilaterally affected patients is appropriate and common.
Retinoblastoma in patients with bilateral disease or only mod-
erately advanced unilateral disease diagnosed today are treated
with a protocol of systemic chemotherapy (generally carbo-
platin, etoposide, and vincristine) given intravenously every 3 to
4 weeks followed by consolidation (the use of a different dose of
the same drug, a different drug, or different treatment modality)
with the focal surgical techniques of direct tumor photocoagu-
lation or cryotherapy or both.40

One of the authors (ALM) first suggested the use of the term
chemoreduction for what we were beginning to do in the treat-
ment of retinoblastoma in the Franschescetti Lecture at the
International Symposium on Retinoblastoma in Switzerland in
1992. At the time, he thought it might be a convenient short-
hand way to describe the use of primary systemic chemother-
apy to reduce the volume of the tumor followed by local surgical
modalities (laser or cryo) to consolidate the initial massive, but
incomplete, tumor cell kill by the chemotherapy.

We no longer use that term, because it implies that in treat-
ing retinoblastoma we are using an approach unique to this
tumor. That is not the case. In fact, every effective treatment
regimen for solid tumors that includes primary systemic
chemotherapy requires consolidation to accomplish complete
tumor destruction. Systemic chemotherapy alone, in virtually
no solid tumor, will sterilize the tumor. A better terminology
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would be “primary systemic chemotherapy followed by local
consolidation.”

During the slightly more than one decade that primary sys-
temic chemotherapy has been employed as the preferred treat-
ment for intraocular retinoblastoma, there is an increasing body
of evidence that supports care of these patients is best delivered
in ocular oncology centers. There is no such animal as a “simple
enucleation for retinoblastoma.” Harvesting of fresh tumor is an
essential part of the management of unilateral retinoblastoma
under 2 years of age. Genetic counseling can only be done ade-
quately if tumor DNA and peripheral white cell DNA are avail-
able for comparison. Once the eye with retinoblastoma is in
formalin, the ability to carry out adequate genetic counseling
has probably been lost.

Ideally, ophthalmologists with oncology training should be
treating retinoblastoma. Because it is a rare tumor, even most
pediatric oncologists do not have much experience treating this
tumor. They know the drugs—carboplatin, etoposide, and vin-
cristine—but require close collaboration with an experienced
ocular oncologist for treatment planning.

Because the pediatric ophthalmologist may be aware that
chemotherapy is being used in the treatment of this tumor, lack
of experience by both ophthalmologist and oncologist can lead
to grossly inappropriate therapy. For example, there is rarely, if
ever, an indication to treat advanced unilateral retinoblastoma
with systemic chemotherapy for the intraocular disease. Parents
with a child newly diagnosed with retinoblastoma will have
searched the Internet. They are aware of the chemotherapy
option and often push for attempts to salvage the eye through
the use of systemic chemotherapy. This approach is, in most
cases, not advised.

Another not uncommon mistake made by pediatric oph-
thalmologists during surveillance exam under anesthesia (EUAs)
on the fellow normal eye following enucleation of unilateral
retinoblastoma is to treat a small peripheral white dot in the
retina because of the possibility that it could be retinoblastoma.
Small white dots are relatively common as part of the “bay
complex.” If they are treated before there is clear definite evi-
dence of growth, the child will forever be labeled as having 
bilateral retinoblastoma. The consequences of that label are so
devastating and far-reaching that an experienced ocular oncolo-
gist would make absolutely certain that the child did have an
expanding mass before instituting treatment. The confidence to
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know that a 3-week delay in treating a lesion of this size would
not have an adverse effect on the ability to control the tumor is
essential to avoid the impulse to treat immediately.

The Children’s Oncology Group (COG) has formed a
Retinoblastoma Steering Committee to generate clinical trials
in retinoblastoma. Questions under development at this time
concern whether etoposide can be eliminated in the systemic
regimen for the treatment of intraocular retinoblastoma that 
has not developed vitreous or subretinal seeding. At least four
known cases of leukemia were induced by this drug when 
large doses were used to treat unilateral retinoblastoma. The
value of local, sub-Tenon carboplatin as an adjunct to systemic
chemotherapy in eyes with vitreous and/or subretinal seeding
will also be evaluated. Finally, the role that intensity-modulated
radiotherapy (IMRT), a technique that allows the radiotherapist
to spread the entry dose over multiple sites, giving tighter
isodose curves, will also be evaluated for efficacy as consolida-
tion treatment in a protocol for bilateral advanced disease.

Once the COG protocols are in place pediatric ophthalmol-
ogists with an interest in retinoblastoma will be able to make
application to COG as treating ophthalmologists on COG-
approved protocols at their institutions. An ongoing part of such
protocols will be Internet review of RetCam images for appro-
priateness of protocol entry and local treatment.

Consideration of a cyclosporine trial by the American
College of Surgeons Oncology Group has been discontinued. A
decision has been made by that group that any chemotherapy-
based therapy would more appropriately be managed through
the COG Intergroup mechanism. The data that high doses of
cyclosporine significantly add to the efficacy of systemic chemo-
therapy by the proposed mechanism of blocking multiple drug
resistance (p-glycoprotein) are awaiting confirmation.

UVEAL MELANOMA

Uveal melanoma is rare, but can occur, in children. The
youngest reported case is an Australian infant who underwent
enucleation at 5 days of age for a choroidal melanoma.18 Only
1% of choroidal melanoma patients are less than 20 years of age
and the majority of these patients are in their late teens.3,4,34,66

An 11-year experience at the Wills Eye Institute was reported in
1975.34 Among 378 patients with uveal melanoma, only 5 were
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less than 20 years of age. More recently, the Wills experience has
been rereported. Of 3706 consecutive patients with intraocular
melanoma, only 40 were patients less than 20 years of age.57 Barr
et al. reviewed uveal melanomas at the AFIP registry.4 Of 6358
patients with the disease, 101 were less than 20 years of age.
Choroidal melanoma in a child has been reported in association
with dysplastic nevus syndrome.26 In a few older teenagers 
and one 5-year-old child, choroidal mela-noma has been asso-
ciated with ocular melanocytosis.49,65 Although diffuse uveal
melanomas comprise 4.5% to 5.0% of melanomas reported in
adults, only one diffuse tumor has been reported in patients
under 20 years of age, and this was in a 5-year-old child.50

The prevalence of uveal melanoma among male and female
children appears to be equal in most series. Caucasian patients
predominate, but there are at least four cases reported with
choroidal and/or ciliary body melanomas in young black
patients.23 In the AFIP series of uveal melanoma, 78 of the 101
cases found in patients less than 20 years of age met the crite-
ria of adequate historical information and at least 5 years follow-
up.4 Of these, 42 cases were of choroidal or ciliary body origin.
Of the remaining tumors, 27 involved the iris and 9 additional
iris lesions were reclassified as nevi. The relative incidence of
iris melanomas in this series of young patients is higher than
that generally reported for adults. In the recent Wills series of
young patients, 12% of intraocular melanomas occurred exclu-
sively in the iris.57

Presenting signs and symptoms of choroidal melanoma in
children and adolescents are variable. Five of 42 patients in Barr’s
series came to ophthalmologic attention because of antecedent
trauma.4 Retinal reattachment or glaucoma surgery was per-
formed in 6 of 42 patients before the correct diagnosis was 
made. A review of case reports of 6 children under age 6 years
revealed that 3 presented with red eyes,12,26,46 1 with strabis-
mus,55 1 with blurred vision,23 and 1 with ocular enlargement.18

Frequently, young patients have retinal detachment at the time
of diagnosis.

The differential diagnosis of pigmented intraocular tumors
in children includes choroidal nevus, melanocytoma, pigmented
neurofibroma, juvenile xanthogranuloma (JXG), and RPE hamar-
toma. A diffuse choroidal melanocytoma mimicking a diffuse
choroidal melanoma has been reported,20 but both lesions are
extremely rare in young patients. Patients with melanocytomas
are usually over age 30. Moreover, these tumors usually arise
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adjacent to the optic disc. Intraocular neurofibromas may
involve the iris and ciliary body and may be pigmented. Occa-
sionally, a diktyoma is pigmented, but this is rarely confused
with melanoma.

The diagnosis of uveal melanoma is made in the same
manner as in adults. However, in children, retinal detachment
and an inadequate view of the tumor may be more common.4

Ultrasound is essential. Choroidal melanoma is rarely calcified
on CT scan although eyes with long-standing disorganization
may develop calcification. An index of suspicion regarding
intraocular masses should be maintained as these tumors do
occur in young people.

Malignant melanomas in children were once thought to
have a more benign course than their adult counterparts.
However, the review of Barr et al. demonstrated that the mor-
tality at 5 years is similar to the adult population.4 Of the 
42 patients with choroidal or ciliary body tumors, 13 died 
of metastatic disease. Features that correlated with a poor
outcome were a red painful eye at presentation, extraocular
extension, basal tumor diameter greater than 10mm, increased
mitotic activity, and tumor necrosis. Their follow-up ranged
from a minimum of 5 to a maximum of 47 years. In the recent
Wills series, 23 cases of choroidal tumors had a basal diameter
greater than 10mm, and 1 patient had extraocular extension.
Of the 27 patients with malignant iris tumors, 4 succumbed to
metastatic disease. Fatal outcome in this group correlated with
glaucoma, tumor invasion of the ciliary body and angle and
scleral invasion, diffuse growth, and increased mitotic activity.

Uveal melanoma in children and adolescents, albeit rare,
may be similar in behavior to the disease in adults.3,4,34 However,
children rarely complain of visual loss and, as a result, choroidal
tumors may present at a more advanced stage. Treatment plans
frequently include enucleation if the disease is advanced and the
eye is blind. Modern diagnostic methods may permit earlier
diagnosis and intervention with fewer diagnostic errors. Patient
care in referral centers may also significantly improve survival
rates. The COMS study, a 15-year multicenter trial comparing
enucleation with Iodine 125 brachytherapy for medium
choroidal melanomas in adults, found no difference in survival
(approximately 80%) between the two groups.9a Pre-radiation of
large melanomas before enucleation did not enhance survival.9b

After plaque brachytherapy, 68% have poor acuity in one ten-
year followup study.59a
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MEDULLOEPITHELIOMA (DIKTYOMA)

Medulloepitheliomas are believed to be primary tumors of the
nonpigmented ciliary epithelium that arise in childhood and are
characterized by their embryonic appearance.6 These tumors are
uniocular and usually arise from the ciliary body or iris. They
are rarer than retinoblastoma. Females and males are affected
equally, and there is no racial predilection. There are no hered-
itary or systemic associations.

The median age of presentation is 5 years of age, but
patients have presented as early as the first few months of 
life.6 The oldest reported case occurred in a 78-year-old man.13

Medulloepitheliomas are classified as either teratoid or non-
teratoid and are further distinguished as benign or malignant.
This spectrum of histopathology has been well described by
Broughton and Zimmerman.6 Their classification has been
adopted by the World Health Organization. Their criteria for
malignancy include composition by poorly differentiated neu-
roblastic cells, polymorphism, increased mitotic activity, and
sarcomatous appearance.

The most common presenting symptoms are pain and 
poor vision. An anterior chamber cyst or mass, leukocoria, and
pupil abnormalities are the most common presenting signs.6

Frequent ocular associations include glaucoma [present at diag-
nosis in half the reported patients (Fig. 9-14)], cataract, and
rubeosis.6,8 Persistent hyperplastic primary vitreous (PHPV) 
was present in 11 of the 56 patients reported by Broughton and
Zimmerman.6
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Medulloepitheliomas usually appear as a grayish-white
mass, often cystic, which arises from the iris or ciliary body. The
tumor can be solid, fleshy pink, and occasionally pigmented 
(Fig. 9-15). In several case reports, the tumor consisted of almost
flat, nondescript sheets over the iris. Thus, the differential may
include JXG, iris melanoma, and leiomyoma. In the Broughton
and Zimmerman series of 56 patients at the AFIP, 9 patients had
undergone enucleation for blind and/or painful eyes.6 In these 9
cases, the existence of intraocular tumor was not suspected 
preoperatively. In only 7 of these 56 cases was the diagnosis of
medulloepithelioma made correctly preoperatively.

Rarely, these tumors can arise from the optic nerve and
retina and simulate retinoblastoma.22 In one case, the tumor
involved the retrobulbar portion of the optic nerve and mim-
icked an optic nerve glioma.17 A case report exists of an infant
presenting with a medulloepithelioma that mimicked PHPV.58

The presenting signs were leukocoria, a shallow anterior
chamber, mild cataract, and retrolental fibrovascular tissue.

Delay of diagnosis of as much as 1 year from the onset of
signs and symptoms is common.6 CT and ultrasound may or
may not be helpful. Frequently, the tumor is very anterior and
may not have much mass effect. The diagnosis should be sus-
pected in any blind or distorted eye in a child. Several case
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reports had an anecdotal history of trauma as a “red herring.”
The diagnosis should be considered particularly with ciliary
body and iris lesions. In several cases, an anterior chamber (AC)
tap has led to the correct diagnosis.44 However, it is often con-
traindicated to enter the eye of a child with a needle, especially
if the eye may harbor an active retinoblastoma.

Enucleation has been the preferred method of treatment in
the majority of cases. In a few cases, iridocyclectomy has been
curative.6,8 In one report, however, a patient developed two recur-
rences following local excision that looked increasingly malig-
nant histopathologically. Highly malignant histopathological
features developed, and the eye was subsequently enucleated.29

The survival rate from this tumor is excellent. It is slow
growing and only locally invasive. In the series of Canning et
al., all 15 patients who were included survived.8 From the AFIP
series, 4 of 56 patients died of metastatic disease. The most
important prognostic factor identified in their series was the
presence of extraocular extension. All 4 tumor deaths were pre-
ceded by orbital spread.

LEUKEMIA

Leukemia is classified as acute or chronic, and in children acute
leukemia predominates. The cell type most common among the
acute leukemias in childhood is lymphoblastic (ALL). All ocular
structures may be affected by the leukemia in these children.28

Ocular tissue may be involved by direct infiltration of leukemic
cells, hemorrhage, or infection.

In a series of 117 consecutive patients with acute leukemia
reported by Guyer et al., 44 of the patients were pediatric.19

Among the children in this series, 16 had some form of leukemic
retinopathy at the time of diagnosis. Several authors have noted
a much higher incidence of ocular involvement if the entire
course of the disease is considered.48

Clinically, the retina is most commonly involved in
leukemia, whereas histopathologically the choroid is most fre-
quently infiltrated.28 Leukemic retinopathy is more common in
acute leukemia and is more common at diagnosis in adults than
in children.19 The retinopathy may be characterized by tortuous
dilated veins, vascular sheathing, cotton wool spots, and exu-
dates. Retinal hemorrhage is the most common feature of the
retinopathy and usually occurs in the posterior pole. The hem-
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orrhages may be white centered. In children, cotton wool spots
are rare.19,28,51 Guyer et al.19 found an association between the
presence of intraretinal hemorrhages and thrombocytopenia, as
well as relatively lower hematocrit levels.

Leukemia may also manifest in the eye as conjunctival
thickening, perilimbal infiltrate, ring corneal ulcers, hypopyon,
iris infiltrate, nodular retinal infiltrate, vitreous invasion, optic
nerve or peripheral neovascularization, exudative retinal detach-
ment, RPE detachment, microaneurysms, and pre- or postlami-
nar optic nerve involvement.1,10,24,52,54,61,67

Ocular involvement is rarely the presenting sign of the
underlying disease, but with longer-term survival, ocular disease
is being reported in association with or following CNS relapse.7

There are increasing numbers of case reports of ocular disease
(hypopyon, iris infiltration, choroidal relapse, optic nerve
leukemia) as isolated sites of extramedullary relapse in patients
who are in remission and who have not had any antecedent or
concurrent evidence of CNS or hematological relapse.1,7,43,56

Opportunistic infections are common in the immunocom-
promised host. Rarely, a leukemic retinal or choroidal infiltrate
or leukemic hypopyon may be difficult to distinguish from infec-
tious processes. In certain cases, an anterior chamber tap, pos-
terior chamber aspirate, or biopsy of the choroid and retina may
be necessary to distinguish direct leukemic infiltrate from an
infectious process.56,64

There are many clinical ocular signs of the disease, but a sig-
nificant number do not require treatment. The signs are often
noted by the oncologist and not referred to the ophthalmologist.
A red eye associated with pain can be an indication of oppor-
tunistic infection or direct conjunctival or anterior chamber
infiltrate by leukemia. An infiltrative conjunctival process, a
leukemic hypopyon, or pre- or postlaminar optic nerve disease
can certainly result in visual loss. In the case of conjunctival,
anterior chamber, or iris involvement, after cytological diagno-
sis external beam radiation has been very effective in eliminat-
ing the infiltrative process (400–2000cGy over 2 weeks).28 A
mild anterior chamber reaction in a leukemic patient may rep-
resent active ocular leukemia. There are case reports of this type
of active disease responding temporarily to topical steroids when
treated as a “uveitis.”1

Prelaminar optic nerve infiltrations are most common in
children with ALL and must be distinguished from papilledema
secondary to CNS relapse.51 Postlaminar nerve invasion more
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frequently results in significant visual loss and also may have
concurrent disc edema.
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Retinopathy of Prematurity
Richard R. Ober, Earl A. Palmer, Arlene V. Drack,

and Kenneth W. Wright

Retinopathy of prematurity (ROP) is a disease that occurs in
premature infants and affects the blood vessels of the devel-

oping retina. It results in the development of vascular shunts,
neovascularization, and, in its more severe forms, traction
retinal detachment. The development of retinal vascular shunts
and neovascularization in ROP is believed to be related to local
ischemia, which is a predominant feature of other proliferative
retinopathies such as sickle cell and diabetic retinopathy. The
unique feature of ROP relates to its occurrence only in prema-
ture infants with immature and incompletely vascularized
retina. ROP is mild and undergoes spontaneous regression with
no visual sequelae in the majority of affected infants. However,
progression to advanced ROP does occur in a significant number
of infants and can lead to severe visual impairment and even
complete unilateral or bilateral blindness in some cases. Recent
technological advances in neonatology have increased the sur-
vival rate of very low birth weight infants, which has led to a
correspondingly increased incidence of ROP. This, in turn, has
provided a major challenge to all physicians treating the prema-
ture infant and has created renewed interest in the pathogene-
sis, prevention, and treatment of ROP.

HISTORICAL CONSIDERATIONS

The original description and first correlation of this disease with
prematurity was made by Terry in 1942 and 1943.166,167 Terry’s
initial impressions were based on his observations of a retro-
lental proliferation of the embryonic hyaloid system, therefore,
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the condition was designated as “retrolental fibroplasia.” As the
pathoanatomy became more fully appreciated and improved
classification systems were developed, the term retinopathy of
prematurity was adopted. During the 10 years following Terry’s
observations, ROP was seen in epidemic proportions and
became the largest cause of blindness in children in the United
States and a major cause of blindness throughout the developed
world; approximately 7000 children in the United States alone
were blinded by ROP.150 In the late 1950s and 1960s, oxygen
therapy was curtailed because of its incrimination as the prin-
cipal cause of ROP, and this led to a dramatic decline in the inci-
dence of ROP. This decline was, however, associated with an
adverse effect on premature infant morbidity and mortality
rates.7,103 Cross25 estimated that for each case of blindness pre-
vented approximately 16 babies died as a result of inadequate
oxygenation. In the 1970s, developments in arterial blood gas
monitoring made possible more careful documentation of the
premature infant’s oxygen needs. However, despite improve-
ment in oxygen tension monitoring, a “second epidemic” of
ROP resulted from survival of younger and smaller preterm
infants. Their lower birth weight and gestational age became rec-
ognized as ROP risk factors. The 1980s and early 1990s can be
considered to be a period of progress in terms of reducing the
complications from ROP, and there were numerous clinical
trials of treatment with reduced nursery light levels, vitamin E,
cryotherapy, and laser photocoagulation.

INCIDENCE AND NATURAL HISTORY

ROP reached epidemic proportions between 1948 and 1954.127

However, after excess oxygen was implicated as the principal
cause of ROP in the 1950s, a marked decrease in the incidence
of ROP occurred after curtailment of oxygen. Beginning in the
mid-1960s, because of technological advances in neonatology
associated with the increased survival of low birth weight
infants, a steady increase in the incidence of ROP was noted.127

A report131 of survival rates specific for birth weight and gesta-
tional age for 6676 inborn neonates registered during the CRYO-
ROP study in 1986 and 1987 who weighed less than 1251g at
birth demonstrated that overall 28-day survival increased with
gestational age and birth weight, from 36.5% at 24 weeks ges-
tation to 89.9% at 29 weeks gestation. Survival increased from
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30.0% for neonates of 500 through 599g birth weight to 91.3%
for neonates of 1200 through 1250g.

Reports of the incidence of ROP from the 1950s and 1960s
are difficult to compare with those of the 1970s and 1980s due
to variations in patient selection, the lack of a standard classifi-
cation system, and the lack of appreciation of mild forms of ROP,
which became possible with the availability of indirect ophthal-
moscopy in the 1970s.29 In the 1980s, several large studies15,47 pro-
vided information on the incidence of ROP and reaffirmed that
the incidence was inversely related to gestational age and birth
weight. Flynn47 performed multivariate risk analysis techniques
and concluded that birth weight was the strongest and most con-
sistent predictor of acute ROP in a population of 639 infants with
birth weight ranging from 600 to 1500g. Campbell et al.15 deter-
mined the incidence of acute ROP in 2958 admissions to a ter-
tiary hospital neonatal intensive care unit (NICU). Among 2484
survivors, acute ROP developed in 72 (2.9%); 60 (83%) of these
newborns had birth weights less than 1500g. The incidence 
of acute ROP among survivors with birth weights of less than
1000g (28%) was approximately three times that of survivors
with birth weights between 1001 and 1500g (10.1%).

Accurate estimations of the incidence of blindness second-
ary to ROP are lacking because of the absence of an organized
reporting system in the United States. Campbell et al.15 reported
an overall incidence of blindness in 4.5% of 2484 surviving
infants in a tertiary NICU with birth weights less than 1000g
and 1.2% of those surviving with birth weights of 1000 to 1500g.
Phelps128 estimated that approximately 546 infants were blinded
from ROP in the United States during 1979 and that approxi-
mately 2100 infants would be affected annually with cicatricial
sequelae including myopia, strabismus, blindness, and late
retinal detachment.

Prospective studies29,42 have provided new information
regarding the current incidence of various stages of ROP and
have relevance in determining ROP screening protocols. Fielder
et al.42 studied 572 infants weighing 1700g, or less and noted
development of acute ROP in 50.9%. All ROP stages 1 and 2
underwent complete resolution and of the 27 (4.7%) infants with
stage 3–4 disease, cicatricial sequelae developed in 6. Incidence
and severity increased with decreasing birth weight and gesta-
tional age.

Among premature infants, the high-risk group that was
selected for the Multicenter Trial of Cryotherapy for Retinopa-
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thy of Prematurity (CRYO-ROP) was the cohort with birth
weights less than 1251g, referred to herein as very low birth
weight (VLBW).29 Sequential ophthalmic examination was per-
formed on 4099 infants beginning at age 4 to 6 weeks to monitor
the incidence and course of ROP. Overall, 65.8% of the infants
developed some degree of ROP, 81.6% for infants less than
1000g birth weight. The lower the birth weight, the higher the
risk of ROP, such that for the subgroup weighing below 750g at
birth, 90% developed some degree of ROP (Table 10-1).

The median time of onset of stage 1 ROP, for infants whose
ROP did not progress any further than stage 1, is 34.3 weeks
postconception (gestational age at birth plus postnatal age); that
of onset of stage 2 (maximum) is 35.4 weeks, and that of stage
3 is 36.6 weeks.29 (See later sections for further description of
the International Classification of ROP and the CRYO-ROP
study.)

Moderately severe ROP that had not reached the threshold
for randomization into the CRYO-ROP study was categorized as
prethreshold if any of the following criteria were met: any zone
I ROP, zone II ROP at stage 2�, stage 3 without plus, or stage
3� with less than the requisite clock-hours of circumferential
involvement to qualify as threshold26 (severity categories are
summarized in Table 10-2). Prethreshold ROP occurred in 17.8%
of VLBW infants between 32 and 42 weeks postconception in
90% of the cases (median onset, 36.1 weeks).29

In the CRYO-ROP study, threshold ROP was defined as
stage 3�, located in zone I or II, and extending five to eight 30°
clock-hour sectors of the circumference of the eye (five sectors
if contiguous and eight if cumulative) (Table 10-2). If untreated,
47.4% of the eyes developed adverse structural outcomes
(retinal detachment or fold within zone I, or retrolental mem-
brane obscuring the view of the fundus) 12 months after ran-
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TABLE 10-1. Percent of Patients with Various Categories of
Retinopathy of Prematurity (ROP).
Wt. in grams Any ROP Stage 3 Prethreshold Threshold

�750 90.0 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

Source: From Cryotherapy for Retinopathy of Prematurity Group. Arch Ophthalmol 1991;98:
1628–1640, with permission.



domization.28 Threshold ROP occurred in 6% of VLBW infants
between 34 and 42 weeks postconception 90% of the time
(median onset, 36.9 weeks).29 Thus, ROP appears, runs its
course, and reaches its most damaging stages within a specific
developmental time frame; in VLBW infants, this corresponds to
approximately 1 to 3 months postpartum.
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TABLE 10-2. Definitions of Retinal Vascular Development in
Premature Infants, Stages of ROP, and Criteria for Enrollment in
CRYO-ROP Study.
Terms Definitions

Normal premature An area of nonvascularized retina extends posteriorly from 
retina the ora serrata, gradually showing vascularization inroads

at the anterior edge of the vascularized retina. Choroidal
vessels may or may nor be readily visible through the
avascular retina, but are normally visible through the
vascularized retina.

Stage 1 A thin, relatively flat, white demarcation line separates the 
avascular retina anteriorly, from the vascularized retina
posteriorly. Vessels that lead up to the demarcation line
are abnormally branched and/or arcaded.

Stage 2 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.

Stage 3 Extraretinal fibrovascular (neovascular) proliferative tissue 
emanates 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.

Plus Disease ROP in the presence of progressive dilatation and 
tortuosity of the retinal vessels, not only adjacent to 
the ROP line or ridge, but also in the posterior fundus.
When present, a plus (�) sign is added to the staging
number.

Prethreshold ROP Zone I ROP of any stage less than threshold, zone II ROP 
at stage 2�, stage 3 without plus, stage 3� with fewer
than the threshold number of clock-hour sectors of stage
3�.

Threshold ROP Five or more contiguous or eight cumulative clock hours 
(30°sectors) of stage 3� ROP in either zone I or II; an
eligibility criterion for enrollment in the multicenter
randomized clinical trial of cryotherapy.



Of the eyes that reached threshold ROP and were random-
ized to no treatment, 12% developed subtotal retinal detach-
ment (stage 4), 32.4% total retinal detachment (stage 5), and
6.9% a posterior retinal fold (grade III, Reese Classification141) 3
months after randomization.27 In eyes treated according to the
CRYO-ROP study protocol, these figures were reduced to 9.9%
for stage 4, 18% for stage 5, and 3.2% for a posterior retinal fold
affecting the macula (as judged by masked grading of retinal 
photographs).27

This prospective study29 provided new insight into the
development of ROP and again confirmed that ROP incidence
and severity were higher in lower birth weight and gestational
age categories. The timing of retinal vascular events correlated
more closely with postconceptional age than with postnatal age,
implicating the level of maturity more than postnatal environ-
mental influences in governing the timing of these vascular
events.

PATHOGENESIS

Normal Vascular Development
In infants, retinal vascular development begins at 16 weeks ges-
tation with mesenchyme, the blood vessel precursor, growing
from the disc to reach the ora nasally at 8 months and the ora
temporally shortly after birth.4,48,57 On the posterior edge of the
advancing mesenchyme, a primitive immature network of cap-
illaries develops according to Ashton’s theory.4 This delicate,
chicken-wire meshwork undergoes absorption and remodeling
to form mature retinal arteries and veins that are surrounded by
the capillary meshwork.4,48,53

The Role of Oxygen in ROP

CLINICAL FINDINGS

Campbell,14 in 1951, observed a relationship of ROP to oxygen
exposure. Patz and coworkers126 confirmed the apparent role of
supplementary oxygen in a controlled nursery study. In 1956,
the results of the 18-hospital collaborative study chaired by Dr.
V.E. Kinsey confirmed the role of oxygen as an important factor
in the production of ROP.84
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EXPERIMENTAL FINDINGS

Hyperoxic animal models5,125 have clearly demonstrated that the
immature and incompletely vascularized retina is susceptible to
oxygen toxicity, providing experimental support for the initial
clinical studies implicating oxygen as a major cause of ROP.
Lesions closely resembling the early stages of human ROP have
been produced in the kitten, mouse, rat, and puppy models.5,125

Rearing newborn rats in variable, fluctuating supplemental
oxygen also causes retinopathy.100 The immature retinal vascu-
lature of a term newborn kitten is comparable to a 6.5-month
gestational human fetus, offering the unique advantage of study-
ing a healthy term animal subject.5

The primary effect of oxygen on the incompletely vascular-
ized retina of the experimental animal is retinal vasoconstric-
tion, and vaso-obliteration which may be reversible with a short
duration of oxygen exposure.5,124,125 However, permanent occlu-
sion of peripheral immature retinal vessels can occur as a result
of exposure to significantly elevated arterial oxygen partial pres-
sure for an extended period of several days.57a After sustained
hyperoxia and subsequent removal of the kitten animal model
to ambient air, nodules of endothelial proliferation arise from
the residual vascular complexes adjacent to retinal capillaries
closed during hyperoxia and canalize to form new vessels. These
new vessels, similar to other proliferative retinopathies, pene-
trate through the internal limited membrane and proliferate on
the inner retinal surfaces.

PATHOPHYSIOLOGY OF ROP

Fundamental to understanding the pathophysiology of ROP is
knowledge that, in utero, the fetus is in a hypoxic state with a
stable PaO2 of 22 to 24mmHg. This is in contrast to a full-term
baby and a normal adult where the PaO2 is dramatically higher—
ranging from 70 to 90mmHg. The developing retinal vessels
grow from the optic nerve to the peripheral avascular retina. In
animal models, this growth of immature retinal vessels into the
peripheral avascular retina is stimulated by vascular endothe-
lial growth factor (VEGF) (Fig. 10-1). Physiologic levels of VEGF
are required to maintain vessel integrity of existing retinal
vessels and to stimulate vessel growth.57a The amount of oxygen
in the retinal tissue determines the amount of VEGF produced.
Low tissue oxygen, or ischemia, stimulates VEGF production;
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FIGURE 10-1A–E. VEGF model of pathophysiology of ROP. (A) Drawing
of immature retinal vessels in a premature infant approximately 25–28
weeks gestational age. Note that the vessels have the normal tree-
branching architecture. (B) Premature infant exposed to high oxygen,
causing VEGF to be downregulated. The drawing shows constriction and
vaso-obliteration of small vessels. (C) Over time, the peripheral avascular
retina becomes ischemic from the lack of blood supply. Peripheral retinal
ischemia causes an increase in local VEGF, stimulating arteriolar venous
shunt formation at the junction between avascularized and vascularized
retina. This represents Stage 1 to Stage 2 ROP. Note the vascular pattern
of peripheral vessel straightening, or Broom-bristle pattern, indicative of
a shunt associated with ROP. (D) Retinal vessels show pattern of regres-
sion as physiologic levels of VEGF stimulate normal vessel growth into
the area of avascular retina. Note the normal vascular pattern of tree
branching. (E) Drawing shows the effects of sustained peripheral retinal
ischemia causing abnormally high levels of local VEGF. Consistently high
levels of VEGF results in neovascularization (Stage 3 ROP) and dilated,
tortuous posterior pole vessels (plus disease).



whereas high tissue oxygen levels down-regulate VEGF produc-
tion and halt vessel growth. If the immature retina is exposed
to persistent hyperoxia, the immature vessels will stop growing.
The more immature the infant, the larger the area of avascular
retina. Prolonged exposure to high levels of oxygen will result
in vasoconstriction and, eventually, vaso-obliteration as the
vessels involute due to lack of VEGF.57a This lack of normal
vessel growth leaves the peripheral retina without adequate
blood supply.

Over time, usually several weeks, the avascular retina
becomes ischemic and stimulates VEGF production. If the area
of avascular retina is relatively small, physiologic VEGF levels
are produced and stimulate normal retinal vessel growth. If, on
the other hand, the area of avascular retina is large and large
amounts of VEGF are produced, this induces the immature
retinal vessels to sprout arterial venous (AV) shunts at the 
border between the vascularized and avascular retina (ROP
Stages 1 and 2). Regression occurs if VEGF stimulates normal
vascularization past the AV shunt into the avascular retina.
Extremely large areas of avascular retina, on the other hand, up-
regulates VEGF stimulating neovascularization of the AV shunt
(ROP Stage 3). Sustained high levels of VEGF can even cause
vasodilatation and tortuosity of existing posterior pole vessels
(PLUS disease), iris vessel dilatation, and rubeosis iridis. Treat-
ment of Stage 3 ROP with cryotherapy or laser therapy is
directed at obliterating the peripheral avascular retina, thus 
lowering levels of VEGF.57a Reducing VEGF levels will result in
regression of neovascularization and reduce the chances of an
unfavorable outcome. Extensive neovascularization of the retina
can cause retinal fibrovascular proliferation, scarring, and retinal
detachment (ROP Stages 4 and 5).

Despite environmental risk factors, or a genetic predisposi-
tion that contributes to the development of ROP, hyperoxia 
in very low birth weight premature infants early in the 
NICU course remains a possible risk factor for
ROP.6,30a,39a,40,49,57a,59,79a,97,110,140a,143a,144,147c Tin et al.79a reported ROP
outcomes on premature infants less than 28 weeks gestation and
showed that by strictly curtailing the oxygen dose, the incidence
of threshold ROP was reduced four-fold. Hong, Wright, et al.30a

reported a significant decrease in severe ROP after institution of
a protocol for strict curtailment of oxygen in premature infants
under 1500 grams. Oxygen was kept between 83% to 90% O2

saturation, and oxygen curtailment was started in the delivery
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room. Over the last 3 years in this level III NICU, over 300 pre-
mature infants were examined for ROP and none of the prema-
ture infants on the new protocol for curtailed oxygen developed
threshold ROP. Perhaps with the use of low stable oxygen deliv-
ery, severe ROP can be reduced.30a Careful attention to mortal-
ity and morbidity in clinical trials will be needed to determine
if this is feasible. Fluctuating arterial oxygen tension has also
been associated with a greater risk of developing progressive
ROP.144a

RISK FACTORS

Many reports have confirmed that gestational age and birth
weight are key risk factors for the development of
ROP.15,19,29,33,51,65,84,100,131 Although oxygen supplementation has
been recognized as a risk factor for the development of ROP
since the 1950s, this association has been difficult to define in
terms of the duration and concentration of oxygen. Shohat et
al.148 could not demonstrate a significant association between
babies with ROP and the duration of supplemental oxygen or
the mean maximum oxygen concentration required. A multi-
centered cooperative study84 found an association between ROP
and oxygen supplementation but could not relate the incidence
of ROP to arterial PO2 levels. However, Flynn et al.50,52 correlated
the incidence and severity of ROP with the duration of exposure
to different ranges of oxygen tension as measured by transcuta-
neous oxygen monitoring (tcPO2) in 101 premature infants with
birth weights between 500 and 1300g. There was a significant
association between the amount of time that the tcPO2 was
greater than or equal to 80mmHg and the incidence and sever-
ity of ROP.52

Because ROP has occurred in the absence of supplemental
oxygen,100,148 in association with cyanotic heart disease,78 and in
anencephalic infants,1 these observations suggest determinant
factors other than supplemental oxygen as the etiology for ROP.
Shohat et al.148 examined 32 possible risk factors in 34 infants
with ROP and noted the following factors significantly associ-
ated with ROP: apnea with mask and bag ventilation; prolonged
parenteral nutrition; number of blood transfusions; and episodes
of hypoxemia, hypercarbia, and hypocarbia. Gunn et al.63 found
several factors significantly associated with ROP in 27 infants,
including apnea requiring bag and mask resuscitation with
oxygen, septicemia, degree of illness, blood transfusion, and
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mechanical ventilation. Hammer et al.65 reviewed 47 potential
risk factors in a prospective study of 328 high-risk neonates.
Only 4 were significant: ventilator hours, xanthine administra-
tion, birth weight, and maternal bleeding. Darlow et al.36

prospectively determined risk factors in 69 infants with acute
retinopathy. On multiple logistic regression analysis, three vari-
ables made statistically significant independent contributions to
the risk of any acute retinopathy: gestational age, principal hos-
pital caring for the infant, and treatment with indomethacin.
They speculated that the larger level III units obtained better
results because their size and experience enabled them to
provide a better overall quality of care. Charles et al.19 reported
a 72% incidence of ROP in infants under 1200g from a low-
income, inner-city population. Significant risk factors observed
were low birth weight, short gestation period, extended supple-
mental oxygen administration, intraventricular hemorrhage,
respiratory distress syndrome, and sepsis. In addition, they spec-
ulated that limited prenatal care and other maternal factors such
as inadequate nutrition may have contributed to the high inci-
dence of ROP in their study. Sieberth and Linderkamp confirmed
that low birth weight, low gestational age, artificial ventilation
longer than 7 days, high-volume blood transfusion, and surfac-
tant increased risk of ROP in 402 infants less than or equal to
1500gm.147a Maternal preeclampsia, antepartum betamethasone,
and vitamin E therapy decreased risk.

In the CRYO-ROP study,33 an increased risk of reaching
threshold ROP was found associated with lower birth weight,
younger gestational age, white race, multiple births, and being
born outside a study center nursery. The risk of an unfavorable
macular outcome was increased with zone I ROP, “plus” disease,
the severity of the stage, and the amount of circumferential
involvement. A higher risk also was associated with a rapid rate
of progression of ROP to prethreshold disease, but not with the
postconceptional age at which ROP was first noted.

Light has also been discussed as a possible risk factor for
ROP.6,59,144 One prospective study59 concluded that the high
level of ambient illumination commonly found in the hospital
nursery may be one factor contributing to ROP. However, the
multi-center, randomized light–ROP study found no difference
in incidence or severity of ROP between infants fitted with
light-blocking goggles shortly after birth and those exposed to
ambient nursery light.39a,143a In addition, an infant with com-
plete cataracts was noted to have threshold ROP immediately
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after cataract surgery.140c Because very little light had ever
reached this infant’s retinas, at most light may play a mild
cofactor role. Some authors have found a correlation between
mutations in the Norrie disease gene, the full expression of
which leads to congenital retinal detachment, and severe
ROP.147c

INTERNATIONAL CLASSIFICATION OF ROP

Because of significant observations during the past three
decades, it became evident that the Reese141 and other classifi-
cation systems did not adequately describe the early active
stages of ROP. The traditional term, retrolental fibroplasia,
described only the severe late cicatricial changes and was 
inappropriate for the acute phase of this disease. In 1984, 23 
ophthalmologists from 11 countries formed a committee and
cooperated in developing the International Classification of
Retinopathy of Prematurity (ICROP).173 This new classification
involves three parameters: (1) the location (zone) of the disease
in the retina, (2) the extent (clock hours) of the developing 
vasculature involved, and (3) the severity (stage) of abnormal 
vascular response observed. The development of a uniform
anatomic classification system allowed the results of treatment
techniques to be compared by clinicians and researchers 
worldwide.

The location of ROP is described by three zones (Fig. 10-2).
Zone I (posterior pole or inner zone) is a posterior circle centered
on the disc, and extends twice the distance from the disc to the
center of the macula in all directions. The zone is defined by the
most posterior location 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 between zone II and zone III. We
like the CRYO-ROP study approach whereby zones II and III are
divided by a convention, rather than by a structure. The con-
vention is that zone II extends all the way from the zone I
perimeter to the ora serrata on the nasal side. There is no zone
III at the nasal meridian, and only a sliver of it in the oblique
nasal quadrants. Zone III is basically a temporal crescent, yet is
defined by what is observed nasally. If ROP is present nasally,
then the eye cannot be a “zone III eye.” On the other hand, if
vessels reach the ora nasally and there is no ROP there, but ROP
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is present temporally, this is apparently categorized as “zone III
ROP,” no matter where it is located. This convention is only
implied in the International Classification, but it is not entirely
clear whether it would be still called zone III even if the tem-
poral ROP were located very far posteriorly. In practice, this
rarely, if ever, occurs and in the CRYO-ROP study, whenever the
vessels were maturely developed on the nasal side and no ROP
was located there, all such eyes were categorized as zone III
eyes.26

The extent of the disease is specified as hours of the clock
(see Fig. 10-2). As the observer looks at each eye, the 3-o’clock
position is to the right and nasal in the right eye and temporal
in the left eye, and the 9-o’clock position is to the left and tem-
poral in the right eye and nasal in the left eye.

The severity of ROP is defined by five stages. Stage 1 is
defined as a thin whitish demarcation line abruptly separating
vascularized retina posteriorly from the more peripheral avas-
cular retina, which usually has a blanched or opalescent appear-
ance (Tables 10-3 and 10-4). The demarcation line is within the
plane of the retina and is usually associated with abnormal
branching or arcading of retinal vessels leading up to it (Fig. 10-
3). If the demarcation line takes on height and width, occupies
a volume, and extends out of the plane of the retina it is termed

296 handbook of pediatric retinal disease

FIGURE 10-2. Scheme of retina of right eye (RE) and left eye (LE) shows
zone borders and clock hours employed to describe location and extent
of retinopathy of prematurity. (From The Committee for the Classifica-
tion of Retinopathy of Prematurity. An international classification of
retinopathy of prematurity. Arch Ophthalmol 1984;102:1130–1134, with
permission.)
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TABLE 10-3. Stages of Retinopathy of Prematurity.
Stage number Characteristic

1 Demarcation line
2 Ridge
3 Ridge with extraretinal fibrovascular proliferation
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

Source: From Committee for the Classification of Retinopathy of Prematurity. Arch Ophthalmol
1987;105:906–913, with permission.

TABLE 10-4. Regressed Retinopathy of Prematurity.
Peripheral changes

Vascular
1. Failure to vascularize peripheral retina
2. Abnormal, nondichotomous branching of retinal vessels
3. Vascular arcades with circumferential interconnection
4. Telangiectatic vessels

Retinal
1. Pigmentary changes
2. Vitreoretinal interface changes
3. Thin retina
4. Peripheral folds
5. Vitreous membranes with or without attachment to retina
6. Lattice-like degeneration
7. Retinal breaks
8. Traction/rhegmatogenous retinal detachment

Posterior changes
Vascular

1. Vascular tortuosity
2. Straightening of blood vessels in temporal arcade
3. Decrease in angle of insertion of major temporal arcade

Retinal
1. Pigmentary changes
2. Distortion and ectopia of macula
3. Stretching and folding of retina in macular region leading to periphery
4. Vitreoretinal interface changes
5. Vitreous membrane
6. Dragging of retina over disc
7. Traction/rhegmatogenous retinal detachment

Source: From Committee for the Classification of Retinopathy of Prematurity. Arch Ophthalmol
1987;105:906–913, with permission.



a “ridge,” which is defined at stage 2 ROP (Fig. 10-4). Small iso-
lated tufts of new vessels may be seen posterior to this ridge
structure. When extraretinal fibrovascular proliferative tissue 
is added to the ridge of stage 2 it appears velvety, frayed, or
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FIGURE 10-3. Demarcation line of stage 1. (Courtesy of Cryotherapy for
Retinopathy of Prematurity Cooperative Group.)

FIGURE 10-4. Development of ridge characteristic of stage 2. Small iso-
lated tufts of new vessels lying on the surface of the retina are seen pos-
terior to the ridge structure. (Courtesy of Cryotherapy for Retinopathy of
Prematurity Cooperative Group.)



“ragged” and is termed stage 3 ROP (Fig. 10-5). The eye is eval-
uated in terms of twelve 30°“clock-hour” sectors, and the pre-
dominant stage in each sector is noted and the eye is categorized
according to the highest stage of ROP observed. Thus, for
example, if there are 10 sectors of stage 2 and 2 sectors of stage
3, the eye is categorized as a “stage 3 eye.” The unifying prin-
ciple underlying ICROP is that the more posterior the disease
and the greater the amount of retinal vascular involvement, the
more serious the disease.

Progressive vascular incompetence, occurring along with
the changes described at the edge of the abnormally developing
retinal vasculature, is noted by increasing dilation and tortuos-
ity of the peripheral retinal vessels, iris vascular engorgement,
pupillary rigidity, and vitreous haze. If this progressive vascular
incompetence is so marked that the posterior veins are enlarged
and arteries tortuous, this characterizes “plus” disease, and a
plus sign (�) is added to the ROP stage number (Fig. 10-6). Pro-
gression of ROP may be rapid if plus disease involves zone I or
posterior zone II.

The first publication in 1984 by the International Commit-
tee defined stage 4 ROP as an unequivocal detachment of the
retina caused by exudation, traction, or both.173 In 1987, another
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FIGURE 10-5. Extraretinal fibrovascular proliferative tissue of stage 3.
(Courtesy of Cryotherapy for Retinopathy of Prematurity Cooperative
Group.)



300 handbook of pediatric retinal disease

FIGURE 10-6A,B. (A) External photograph of marked iris vascular
engorgement that may be part of “plus” disease representing progressive
vascular incompetence. (Courtesy of Cryotherapy for Retinopathy of 
Prematurity Cooperative Group.) (B) Standard photography of “plus”
disease used for the CRYO-ROP study. Degree of vascular dilatation and
tortuosity shown here represented minimum acceptable abnormality to
categorize a fundus as plus disease for the study. (From Cryotherapy 
for Retinopathy of Prematurity Cooperative Group. Multicenter trial of
cryotherapy for retinopathy of prematurity: preliminary results. Arch
Ophthalmol 1988;106:471–479, with permission.)



international committee expanded the description of the fea-
tures of the retinal detachment (stage 4).174 This elaboration was
based on further surgical observations and study of pathological
specimens.101 Stage 4A was defined as a concave, tractional type
of subtotal retinal detachment occurring in the periphery
without involvement of the macula (extrafoveal). The detach-
ment may be circumferential, extending for 360°, or segmental,
and extending for less than 360°. The prognosis for vision for
this type of detachment is good providing there is no extension
into the macula. If the partial detachment extended posteriorly
to involve the macula, this was termed stage 4B, and the prog-
nosis for vision for this type of subtotal detachment is poor.
Stage 5 is a total funnel-shaped retinal detachment. For descrip-
tive purposes the retinal detachment can be subdivided into an
anterior and posterior part based on the configuration of the
funnel (see Table 10-3). The most common configuration is a
concave detachment with the funnel open both anteriorly and
posteriorly. The other configurations in decreasing order of fre-
quency are narrow–narrow, open–narrow, and narrow–open. If
opaque retrolental membranes prevent visualization of the
fundus, ultrasonography may be helpful in defining the config-
uration of the funnel.38,137

Although regression with or without vascular or cicatricial
sequelae is the most common outcome of ROP, the International
Committee decided that classification of such a wide variety of
changes was impossible. However, they realized the importance
of identifying these changes and recommended recording the
broad spectrum of peripheral and posterior retinal and vascular
changes (Table 10-4). The vascular changes include retinal avas-
cularity, abnormal retinal branching, and telangiectatic retinal
vessels (Fig. 10-7). The retinal changes include pigmentary
changes, vitreoretinal interface changes, and tractional forces
that may cause dragging and displacement of retinal vessels and
ectopia of the macula (Fig. 10-8). Traction and rhegmatogenous
retinal detachment may also develop as late complications of
regressed ROP. In general, the more severe the acute disease in
terms of location, extent, and stage, the more serious the result-
ing regressed peripheral and posterior retinal and vascular 
sequelae.
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FIGURE 10-7. Regressed ROP: peripheral retinal avascularity, abnormal
retinal branching, and retinovitreous interface changes. (From The Inter-
national Committee for the Classification of the Late Stages of Retinopa-
thy of Prematurity. An international classification of retinopathy of
prematurity. II. The classification of retinal detachment. Arch Ophthal-
mol 1987;105:906–913, with permission.)

FIGURE 10-8. Regressed ROP: macular pigmentary changes and ectopia.
(From Watzke RC, et al. Photographic grading in the retinopathy of pre-
maturity trial. Arch Ophthalmol 1990;108:950–955, with permission.)



CLINICOPATHOLOGICAL CORRELATION
OF ROP STAGES

Stage 1: Demarcation Line
This stage represents a thickened exaggeration of the line of
normal advancing vasculature and comprises two distinct
zones.54,56 The anterior vanguard zone is formed by a sheet of
spindle-shaped cells that are the precursors of the differentiated
vascular endothelium. It corresponds to the primitive mes-
enchyme (spindle cells) seen in normal fetal development, but
the cells are hyperplastic, causing the demarcation line to be
clinically visible (Fig. 10-9). Behind the proliferating spindle cells
is a rear guard zone comprised of endothelial cells that have 
differentiated from the vanguard mesenchymal cells and are
forming a primitive capillary meshwork. This zone is not 
clinically discernible until stage 2.

Stage 2: Ridge
The ridge represents a further thickening of the line in stage
1 because of continued proliferation of spindle cells in the
vanguard zone.54–56 In addition, a thin white line behind the
vanguard is separated by a lucent line of approximately 
the same width. The white line (ridge) is the predominant
feature of this stage and histologically corresponds to pro-
liferation of the endothelial cells of the rear guard zone (Fig.
10-10). The ridge has increasing height, width, and volume
and extends up out of the plane of the retina. The ridge may
turn from white to pink, which corresponds to an arteriove-
nous shunt of primitive vascular channels that has been
shown clinically to leak fluorescein dye by Flynn et al.53 The
retinal lesions in stage 1 and 2 regress in most cases, leaving
few, if any, residual signs.

Stage 3: Ridge with Extraretinal 
Fibrovascular Proliferation
Stage 3 involves neovascular proliferation of vessels that are con-
tinuous with the posterior aspect of the ridge and that extend
into the vitreous perpendicular to the plane of the retina.54–56

Foos56 referred to these new vessels as “extraretinal vascular-
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ization” and described three fairly distinct forms: placoid, poly-
poid, and pedunculated. The placoid form is the most common
and has a circumferential orientation because of its occurrence
in the region of the ridge (Fig. 10-11). It is also the most impor-
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FIGURE 10-9A,B. (A) ROP, stage 1: macroscopic demarcation line (aster-
isk) represents a thickened exaggeration of normal vanguard. Vasodilation
is evident posterior to the demarcation line. (From Foos RY. Retinopathy
of prematurity: pathologic correlation of clinical stages. Retina
1987;7:260–276, with permission.) (B) ROP, stage 1: microscopic demar-
cation line demonstrates thickening of retina that is related to prolifera-
tion of spindle cells in vanguard (V). H&E, �300. (From Foos RY.
Retinopathy of prematurity: pathologic correlation of clinical stages.
Retina 1987;7:260–276, with permission.)



tant type by virtue of its relationship to the early stages of retinal
detachment. The polypoid form is uncommon and occurs
behind the ridge as isolated sessile mounds. The least common
form is the pedunculated type, resembling a sea fan and arising
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FIGURE 10-10. ROP, stage 2: meridional microsection through retinal
ridge, with thick layer of spindle cells that tapers anteriorly (to the right),
representing the proliferative vanguard zone (V), and a round profile of
proliferating endothelial cells in the rear guard zone (R). H&E, �250.
(From Foos RY. Retinopathy of prematurity: pathologic correlation of 
clinical stages. Retina 1987;7:260–276, with permission.)

FIGURE 10-11. ROP, stage 3: microsection through placoid extraretinal
vascularization shows a portion of vanguard zone (V), aggregation of
endothelial cells in rear guard zone (R), and cords of endothelial cells and
delicate vessels extending into a plaque of vasoproliferative tissue (ERV)
in overlying vitreous. H&E, �250. (From Foos RY. Retinopathy of pre-
maturity: pathologic correlation of clinical stages. Retina 1987;7:260–276,
with permission.)



from the retina behind the ridge. Foos55,56 has demonstrated
microscopically proliferation of solid cords of endothelial cells
from the region of the rear guard (ridge) through the retinal
surface into the vitreous cavity. Based upon Factor VIII prepara-
tions, Foos56 confirmed that these vessels are derived from 
proliferating endothelial cells, not from vasoformative mes-
enchymal cells, as in normal retinal angiogenesis. Serous
exudate may accumulate under the retina during stage 3, and
alterations of the vitreous also become evident. The changes in
the vitreous body take two major forms: synchysis and conden-
sation. Foos56 suggested that synchytic destruction of the vitre-
ous body was related to the release of lytic substances by
incompetent vessels within the retina or vitreous body and that
condensation of the vitreous body over the ridge was related to
depolymerization of hyaluronic acid and collapse of the collage-
nous framework into optically visible structures.

Stage 4: Subtotal Retinal Detachment
The retina begins to buckle and fold at the ridge and is drawn
anteriorly toward the lens margin by vitreous condensation (Fig.
10-12). Although tractional forces are predominant, the detach-
ment may have a serous component. Commonly, radial trac-
tional forces limited to the temporal quadrants draw the nasal
retina temporally, resulting in a meridional fold extending from
the region of the disc to the temporal periphery. The contrac-
tion process may be so strong that finally all vessels will pass in
a straight line from the optic nerve head toward the temporal
periphery and nasal retina may overlie the nerve head.

Stage 5: Total Retinal Detachment
As the retina becomes folded and progressively drawn anteriorly
and centrally, it becomes pleated or rolled, like a scroll, result-
ing in foreshortening and progressive detachment of the poste-
rior retina (Fig. 10-13). Subsequently the “V” or funnel shape of
the detachment becomes altered in shape by both anterior and
posterior closure. Machemer101 explains the pattern of the
retinal detachment based on proliferation and contraction of
tissue originating from the shunt area. When the shunt area
forms a ring the pattern of the retinal detachment may vary
according to whether the shunt area is anterior, equatorial, or
posterior in location. For example, with equatorial or posterior
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shunts the avascular peripheral retina stretches and stays
attached forming a “trough” at its juncture with the detached
nonstretchable vascularized retina. The vitreous undergoes
further central synchysis and condensation of vitreous sheets 
on the retinal surface, but posterior vitreous detachment is 
rare. Extraretinal proliferation of nonvascular tissue is usually
present at this stage, which includes retinal glial processes
extending into the vitreous, epithelial membranes, and pig-
mented and nonpigmented retroretinal membranes.55,56

The vitreoretinal traction forces that cause the unique, pro-
gressive retinal detachment seen in ROP are poorly understood,
especially because some features that characterize proliferative
vitreoretinopathy associated with rhegmatogenous retinal
detachment in adults are not conspicuous, for example, cell-
mediated proliferation along the surface of the detached poste-
rior vitreous.56 However, the process is multifactorial and
includes both intraretinal and extraretinal factors. Intraretinal
factors may include contractile proteins in the vanguard cells,
contraction of the rear guard endothelial cells, and astrogliosis
of the superficial retina56 Extraretinal factors include contraction
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FIGURE 10-12. ROP, late stage 3: buckled and folded retina is being
drawn anteriorly toward the lens margin by vitreous condensations ema-
nating from the highly elevated ridge. �6. Insert: microscope features.
H&E, �25. (From Foos FY. Chronic retinopathy of prematurity. 
Ophthalmology 1985;92:563–574, with permission.)
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FIGURE 10-13A,B. (A) ROP, stage 5: microscopic features of peripheral
retina, which is folded and rolled like a scroll. Extraretinal vasculariza-
tion is notable only at the summit of some of the folds (arrow). Posteri-
orly, the foreshortened retina is detached, and serous exudate is present
in retroretinal space and overlying vitreous body. Epiretinal and retroreti-
nal membranes are lacking. H&E, �60. (From Foos RY. Chronic retinopa-
thy of prematurity. Ophthalmology 1985;92:563–574, with permission.)
(B) ROP, stage 5: folding and rolling of peripheral retina, foreshortened
totally detached retina, retroretinal serous exudate, serous exudate in vit-
reous, central synchysis of vitreous (asterisk), and sheets of condensed
vitreous on the retinal surface throughout the fundus (arrow). (From Foos
RY. Chronic retinopathy of prematurity. Ophthalmology 1985;92:563–
574, with permission.)



of the extraretinal vasoproliferative tissue and synchytic
destruction of the vitreous body, which provides a scaffold for
growth of the extraretinal vessels.56

OCULAR FINDINGS IN REGRESSED ROP

Myopia, Astigmatism, and Anisometropia
Myopia is a common finding in the newborn premature infant
even without ROP with a tendency toward less myopia by the
latter half of the first year after birth.46,60,72a Myopia that is of
higher degree and persists into later life is usually associated
with prematurely born children afflicted with ROP.30 The inci-
dence of myopia was determined in a large group of premature
infants with birth weights of less than 1251g followed as part 
of the multicenter study of Cryotherapy for Retinopathy of Pre-
maturity.30 These eyes, which did not undergo cryotherapy, were
refracted at 3, 12, and 24 months. Myopia was observed in
approximately 20% of the children at each test age, and the per-
centage of high myopia (
5 diopters) doubled from 2% to 4.6%
between 3 and 12 months and remained stable thereafter. Lower
birth weight and increasing severity of ROP were predictors of
myopia and high myopia. In addition, anisometropia, astigma-
tism, and the presence of macular heterotopia and retinal folds
also were associated with a higher incidence of myopia and high
myopia. The exact mechanism of the myopia associated with
ROP is unknown and may be due to an elongation of the globe,
alteration of the lens or the corneal curvature, or a combination
of all of these factors.30,34,46,81,140a More severe ROP results in a
higher risk of myopia.82a,140a The degree of myopia at age 3
months predicts the presence of high myopia at 5.5 years;
between 3 months and 1 year of age, a decrease in the propor-
tion of eyes with hyperopia and an increase in the proportion
with myopia occurs.140a Eyes with ROP treated with laser
develop less myopia, on average, than do those treated with
cryotherapy.85a Further animal model work, more studies of 
biometric measurements in the developing eye, and further
observations on the effects of light on the developing eye may
help clarify the factors underlying the development of abnormal
refractive errors in infants with ROP.30

Other studies34,89,91,98,147 performed in infants with regressed
ROP have noted a higher incidence of strabismus, amblyopia,
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anisometropia, and high refractive errors compared with control
groups of infants who did not have ROP. Gallo et al.58 noted an
increased incidence of refractive errors, strabismus, and retinal
complications in children with regressed ROP. Microcornea and
microphthalmos have also been associated with ROP.31,81

Foveal Avascular Zone
Ibayashi et al.74 studied vascular patterns using fluorescein
angiography in patients aged 5 to 15 years with cicatricial
retinopathy of prematurity and found a high incidence of 
incomplete development of avascular zones in the macula 
when compared to a control group. They concluded that under-
development of the foveal avascular zone was an important
feature of cicatricial ROP and had a significant correlation with
active disease but had no relationship to visual prognosis in
most cases. Isenberg75 demonstrated a delayed macular develop-
ment in infants with ROP, and he speculated that this possibly
could engender amblyopia, which could lead to strabismus.

LATE COMPLICATIONS OF 
REGRESSED ROP

Glaucoma
Kwitko94 estimated that secondary glaucoma developed in 30%
of eyes with severe retinopathy of prematurity. Young infants or
children with severe advanced ROP are most often affected;
however, acute angle closure has been reported in adults.108,151

The mechanism most likely causing secondary angle-closure
glaucoma is an anterior displacement of the lens–iris diaphragm
secondary to contraction of a retrolental fibroglial mass.108

However, other mechanisms have been proposed. In adult eyes
with ROP and no retrolental mass, possible mechanisms include
both pupillary block and ciliary block.90,108 Increased lens thick-
ness has been documented in ROP patients and may also play a
role in a pupillary block mechanism.108 Progressive very high
myopia maybe a sign that the large lens is crowding the angle,
and glaucoma is a risk. Other mechanisms to explain secondary
angle-closure glaucoma seen in ROP include inflammation93 and
anterior segment neovascularization.108 Hartnett et al.68 prospec-
tively examined the anterior segment of 27 eyes of 17 prema-
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ture infants with stage 4 and 5 ROP to identify and classify struc-
tural characteristics that could predispose the premature infant
with ROP to glaucoma. In addition to identifying pathological
changes, for example, anterior and posterior synechiae, they
noted changes that may have a developmental origin such as
corneal dystrophy, Barkan’s-like membrane, and large tunica
vasculosa-like vessels. Thus, abnormal development of the angle
and inadequate outflow could possibly contribute to the patho-
genetic mechanism of glaucoma seen in eyes with advanced
ROP.68

The choice of therapy for secondary glaucoma in ROP may
include medical or surgical measures and is based on the initial
intraocular pressure and vision, degree of lens opacity and intu-
mescence, presence of anterior segment neovascularization, and
the gonioscopic appearance of the anterior chamber angle.108

Acute angle-closure glaucoma occurring in adults may respond
to medical treatment, including miotic therapy. Following sta-
bilization of intraocular pressure, laser iridotomy or surgical
peripheral iridectomy can be performed.108,151 Kushner90 reported
the successful relief of apparent ciliary block glaucoma in two
children and one adult with cicatricial ROP using cycloplegic
therapy after failure of miotic therapy. Two of these patients
later required either lensectomy or vitreous aspiration. Pars
plana lensectomy and anterior vitrectomy or lensectomy via the
limbal approach has been advocated by Pollard135,136 to treat sec-
ondary angle-closure glaucoma with severe advanced cicatricial
ROP. Most of these patients presented after the age of 2 years.
Although patients had final vision of only light perception to
hand motion, his rational was to retain a painfree eye and avoid
enucleation. Kushner and Sondheimer93 treated seven children
with cicatricial grade 5 ROP and secondary glaucoma with
shallow anterior chambers with corticosteroids. They were able
to control intraocular pressures and avoid enucleation. Inflam-
mation in these eyes secondary to either phacolytic glaucoma,
blood or blood breakdown products, or neovascular glaucoma
responded to topical corticosteroids. Filtering surgery for late-
onset acute or chronic angle-closure glaucoma may be necessary
if intraocular pressure cannot be controlled with either medical
treatment or peripheral iridectomy.108 Alloplastic tube shunt
implantation may be the treatment of choice for neovascular-
ization-induced secondary angle closure in eyes with useful
vision potential.108 Ciliodestructive procedures are recom-
mended for blind and painful eyes.108
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Late-Onset Retinal Detachment

Retinal detachment is a complication of regressed ROP in the
childhood or teen years, or even later in life. Eyes at risk for 
late-onset retinal detachment have changes described by the
committee for the classification of ROP174 that include abnor-
mal peripheral vascular changes, avascular peripheral retina,
straightening of the temporal blood vessels, vascular tortuosity,
retinal pigment epithelial changes, vitreoretinal interface
changes, retinal folds, vitreous membranes, retinal breaks, and
lattice-like degeneration. Because ROP represents a lifelong
threat to vision, afflicted patients should be examined at least
once each year for life. Additionally, these eyes often have high
myopia.158–160 Tasman160 reported a greater than 80% incidence
of myopia, usually greater than 6 diopters, in regressed ROP. It
is uncertain whether retinal breaks and retinal detachment in
regressed ROP are secondary to ongoing changes of ROP, to
abnormal vitreoretinal interface changes due to ROP, or to some
other unrecognized factor.152 The high myopia and the lattice-
like changes seen in regressed ROP may also place these eyes at
high risk for development of retinal detachment.152

Previously reported series using standard scleral buckling
procedures in the management of retinal detachment associated
with regressed ROP showed a final success rate ranging from
63% to 100%.41,66,158,163 Because retinal detachments associated
with regressed ROP can be associated with significant vitreo-
retinal traction and/or posterior retinal breaks, vitrectomy tech-
niques in conjunction with scleral buckling may be required for
optimal management to achieve long-term reattachment. Sneed
et al.152 successfully reattached 14 (88%) of 16 eyes with retinal
detachment associated with regressed ROP. A pars plana vitrec-
tomy was required in 8 eyes; 4 eyes either initially presented
with proliferative vitreoretinopathy, posterior retinal breaks,
subretinal fibrosis, or vitreoretinal traction bands, and the
remaining 4 eyes had posterior vitreoretinal traction after failed
scleral buckling procedures. Visual acuity stabilized or improved
in 13 of the 14 eyes with successful retinal reattachment. In a
series of 29 pediatric eyes with retinal detachment, Fivgas and
Capone44a noted that 34% were related to Stickler syndrome or
ROP, another 34% to prior ocular surgery. Average age of pres-
entation was 9.6 years, but late diagnosis was a problem. In this
heterogeneous group, which included late-onset detachment
from ROP, 72% were reattached after 2.2 surgeries per eye.44a
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DIFFERENTIAL DIAGNOSIS

In early stages of ROP, the principal condition to differentiate 
is familial exudative vitreoretinopathy24,117 (FEVR), which has
features in both the acute and late forms of the disease that 
may be indistinguishable from ROP. Familial exudative vitreo-
retinopathy may be autosomal dominant, X-linked recessive, or
autosomal recessive.147b It occurs in infants who are otherwise
normal and may be full term. Clinical findings in the acute form
include peripheral retinal avascularity, retinal exudates, and
extraretinal neovascularization. Progression may occur slowly,
and late changes include temporal dragging of the macula, organ-
ized vitreous membranes, vitreo-retinal traction, retinal breaks,
and retinal detachment. Severe changes are often asymmetrical,
and may not be detected until several years after birth.117

Criswick and Schepens24 have observed that familial exudative
vitreoretinopathy cannot only mimic features of ROP, but also
Coat’s disease, peripheral uveitis or pars plantis, and other pos-
terior segment abnormalities. Interestingly, mutations in the
gene that causes congenital RD in Norrie disease have also been
implicated as causative in FEVR and may be related to the sever-
ity of some ROP cases.147c

The differential diagnosis of advanced ROP includes other
conditions associated with leukocoria including persistent
hyperplastic primary vitreous, retinoblastoma, and Norrie
disease. Persistent hyperplastic primary vitreous is a congenital
anomaly, usually unilateral, and occurring in the term infant.139

Anterior segment abnormalities are common and include 
microcornea, shallow anterior chamber, and elongated ciliary
processes. The posterior segment findings may include vitreous
membranes and a stalk containing hyaloid artery remnants. The
retina can be incorporated into the vitreous membranes and
pulled forward, forming a retinal fold that may extend to the
periphery.

Although retinoblastoma is rarely confused with ROP, 
it should be considered in the differential diagnosis. Infants 
with retinoblastoma, in general, have a history of term birth,
and no supplementary oxygen use. There may be a positive
family history of retinoblastoma. Although ROP is usually 
bilateral and fairly symmetrical35,42 retinoblastoma is often 
unilateral and if bilateral, is asymmetrical. Ultrasonography 
and computed tomography (CT) scans are usually helpful in 
differentiating the large mass lesion of retinoblastoma, which
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usually demonstrates calcium, from the complex retinal
detachment associated with vitreoretinal membranes in
advanced ROP.

Norrie disease is a rare syndrome of retinal dysplasia, deaf-
ness, and mental retardation and/or deterioration that can
mimic advanced ROP.99 Norrie disease has an X-linked recessive
pattern of inheritance and is not associated with prematurity.
Patients with Norrie disease demonstrate leukocoria consider-
ably earlier than those with ROP.

Infants with congenital cataract may present with leukoco-
ria, however, the diagnosis is easily made by slit lamp exami-
nation; when the retina is visualized despite the presence of the
cataract, it is normal.

Cases of ROP have been reported86,92,149 in full-term infants
of normal birth weight and with no history of supplemental
oxygen use. At least some of these may have represented spo-
radic cases of familial exudative vitreoretinopathy, or cases in
which either family members were not examined or a family
history could not be obtained because of asymptomatic, mild
disease. Given the pathogenesis of ROP, it seems unlikely that
this form of retinopathy could occur to any serious degree in
full-term infants.

EXAMINATION PROCEDURES IN 
THE NURSERY

Selection of Patients for Screening
The demonstration that cryotherapy of the peripheral retina in
advanced stage 3� ROP can significantly reduce the chances 
of an unfavorable outcome mandates the following: all infants
at high risk of developing “threshold” disease must be
screened.26–28,32 A comprehensive ROP screening program should
be developed and a close working relationship established
between ophthalmologists and the medical and nursing staffs of
NICUs. An ideal screening program should be able to detect all
cases of ROP when they commence and, at the same time,
reduce unnecessary retinal examinations.

Unfortunately, although many recommendations have been
made,154 a universally accepted set of indications for screening
examinations has not been established due to an inadequate
database concerning the onset, progression, resolution, and
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outcome of ROP. Although it is agreed that the risk of ROP
increases inversely with birth weight, the establishment of an
upper “limit” of birth weight is controversial. Although the
CRYO-ROP study did not collect data on infants greater than
1250g, other studies have reported that stage 3 does not develop
in infants weighing more than 1500g42 or 1600g.12 However,
some clinicians still use 2000g as an upper “limit” of birth
weight.

Because ROP is also inversely related to gestational age, the
timing of the examination is also critical. Although a univer-
sally accepted indication for the timing of the exam has not 
been adopted, there are good guidelines available.22,26,29,119,120

Palmer119,120 suggested that the optimal age for the initial exam-
ination for acute ROP is between 7 and 9 weeks of age. His data,
additionally, suggested that screening examinations performed
during the first month of life have a low yield of positive find-
ings and are insufficient. In the wake of the proof that treatment
is beneficial, the authors of the CRYO-ROP study recommended
that initial eye examinations begin at 4 to 6 weeks of age.26 A
more recent report from the CRYO-ROP study29 indicated that
postconceptional age (gestational plus postnatal age) of the
infant correlated better with the time of onset of either
prethreshold or threshold ROP than does the postnatal age. A
British study42 determined that ROP is rarely seen before 31
weeks postconceptual age. Screening guidelines have, therefore,
been drawn up by the British Association for Perinatal Medicine
and the College of Ophthalmologists, which confines screening
to infants weighing less than 1500g at birth with the fundus
examination(s) carried out between 32 and 36 weeks postcon-
ceptional age.

In the United States, screening guidelines have been rec-
ommended in a joint statement from the American Academy of
Pediatrics, the American Association for Pediatric Ophthalmol-
ogy and Strabismus, and the American Academy of Ophthal-
mology.3 These recommendations are as follows:

1. Infants with a birth weight of less than 1500g or with a
gestational age of 28 weeks or less, as well as selected infants
between 1500 and 2000g with an unstable clinical course who
are believed to be at a high risk by their attending pediatrician
or neonatologist, should have at least two fundus examinations
performed after pupillary dilation using binocular indirect oph-
thalmoscopy to detect ROP. One examination is sufficient only
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if it unequivocally shows the retina to be fully vascularized
bilaterally.

2. Examination for ROP should be performed by an oph-
thalmologist with sufficient regular experience and knowledge
in the examination of preterm infants for ROP to identify the
location and sequential retinal changes in this disorder using
binocular indirect ophthalmoscopy. The location and sequential
retinal changes, if any, should be recorded using the Interna-
tional Classification of Retinopathy of Prematurity.

3. The first examination should normally be performed
between 4 and 6 weeks of chronological age or, alternatively,
within the 31st to 33rd week of postconceptional or postmen-
strual age (gestational age at birth plus chronological age),
whichever is later, as determined by the infant’s attending 
pediatrician or neonatologist. If using the postconceptional age
guideline, examinations are generally not needed in the first 4
weeks after birth. Treatment should generally be accomplished
within 72h of determination of the presence of threshold ROP
to minimize the risk of retinal detachment before treatment.

Beyond these national guidelines, “local” standards should
be developed in cooperation with the neonatologist to identify
possible special risk factors in infants with birth weights heavier
than the guideline weight, for example, very ill infants, postas-
phyxia infants, or fetal hydrops. Trese and Batton172 reported the
isolated occurrence of bilateral stage 5 ROP in an infant with
fetal hydrops weighing 1840g, indicating that birth weight alone
may not be a sufficient criterion.

The results of the CRYO-ROP study26,27 provided guideline
information on which to base a follow-up schedule, once the
initial screening examination is completed. Eyes with any zone
II disease that is not prethreshold were examined at 2-week
intervals. Prethreshold eyes (zone I, any stage; zone II, stage 2�;
stage 3 or 3� with less than required “clock hours” of involve-
ment) were seen at least weekly. If an eye is seen with severe
zone I involvement, but is still prethreshold, examinations
should be considered at intervals less than 1 week; these eyes
that are referred to as “rush”-type ROP can progress very
rapidly.114 Eyes with zone III involvement develop threshold
ROP extremely rarely, if ever; therefore, these eyes, with or
without ROP, can be examined 4 weeks later. However, the
examiner must be cautious in determining zone III. If retinal
vessels are not fully mature on the nasal side, the eye should
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still be considered a zone II eye. Eyes with no ROP, but imma-
ture retinal vasculature, should be seen in 1 to 2 weeks with
zone I, 2 weeks with zone II involvement, but zone III eyes can
be seen in 3 to 4 weeks. Premature eyes should be followed until
retinal vascularization is mature and extends to the ora, which
usually occurs between 37 and 40 weeks postconception.4,48,57 In
90% of patients, involution begins by 44 weeks.142a Eyes with
mild ROP or prethreshold ROP must be followed until thresh-
old criteria are reached or until evidence of regression and sta-
bilization occurs. Care should be exercised because, even if
regression is noted, ROP can rarely reactivate resulting in
double-demarcation lines.56 In eyes that have mild ROP and 
have reached complete regression, the motility and refractive
status should be checked at 6 to 12 months of age because 
of the increased incidence of astigmatism, strabismus, and
myopia.30,34,48,89,91,147 Even in the absence of need for continuing
early eye care, annual examination should be continued indefi-
nitely in individuals with vitreoretinal sequelae of ROP because
of the risk of late-onset complications such as glaucoma108 and
retinal detachment.158–160

Mode of Examination
A timely and efficient examination can result if the NICU
nursing staff anticipates the physician’s arrival and arranges the
infant’s feeding schedule and any testing or procedures accord-
ingly. Pupils may be effectively dilated in most infants with
Cyclomydril eyedrops (cyclopentolate 0.2% and phenylephrine
1%) or a combination mixture that can be prepared by the hos-
pital pharmacy and includes 7.5ml cyclopentolate 1%, 7.5ml
tropicamide 1%, and 0.625ml phenylephrine 10%. The final
concentration of this solution, respectively, is 0.48%, 0.48%,
and 0.4%. Cyclopentolate 0.5% may also be used. Carpel and
Kalina17 demonstrated the value of dilute phenylephrine to sup-
plement mydriasis for these examinations. Eyedrops are instilled
twice at 5-min intervals. We do not routinely occlude puncta,
but do blot excess drops immediately from the lids. Although
the systemic risks of dilating a premature infant in this way are
minimal, awareness of possible side effects such as hypertension
and intestinal ileus is important.121 The examination in VLBW
infants may be extremely difficult due to poor pupillary dilation.
The examiner should be aware, however, that the very patients
whose pupils are most resistant to dilatation due to plus disease
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are the ones harboring the most threatening ROP. Other dif-
ficulties encountered include residual pupillary membrane
strands (tunica vasculosis lentis), transient cataracts of prema-
turity, hyaloid vascular remnants, and vitreous haze.

A lid speculum is placed after instillation of topical anes-
thetic, such as proparacaine. A variety of lid speculums are avail-
able for the premature infant (Fig. 10-14). As a precaution against
viral or chlamydial transfer, the lid speculum should be sterile
for each infant. Some NICUs may require gloves as a routine

318 handbook of pediatric retinal disease

FIGURE 10-14. Alphonso lid speculum used for ROP screening exami-
nations (left). Small lens loop (middle) or an aluminum wire nasopha-
ryngeal culture swab (right) can be used for peripheral scleral depression
and rotation of the globe.



policy for infant examinations or they may be worn at the dis-
cretion of the examiner. It is advisable to have a nursing staff
member present during the entire examination to assist in phys-
ically restraining the infant, as well as monitoring the infant’s
vital signs and airway. Bradycardia, due to the oculocardiac
reflex, is a recognized complication of the examination, and may
be caused by traction on the extraocular muscles, pressure on
the globe, scleral depression, and the use of a lid speculum.21

The examination is performed about 30 to 45min after instil-
lation of dilating drops with a binocular indirect ophthalmoscope
and a 28 diopter lens. Gentle scleral depression and ocular rota-
tion can be accomplished with either a sterile small lens loop or
an aluminum wire nasopharyngeal culture swab (see Fig. 10-13).
If the examiner thinks of these depressors as primarily for rotat-
ing the eye, scleral depression can be performed atraumatically
and provides information regarding the peripheral retina, such as
extent of avascularity, zone III fibrovascular proliferation, and
early traction retinal detachment, which will assist the clinician
in determining treatment decisions, follow-up examination
schedules, and the patient’s prognosis. Also, in a teaching insti-
tution residents and fellows should be instructed to appreciate
the entire spectrum of retinal manifestations in ROP.

The onset of severe ROP often occurs in infants after their
systemic medical problems are stable and they are nearing 
discharge from the NICU, which makes it especially difficult
emotionally on the parents or guardians. Discharge should 
be delayed if progression seems likely. When an infant reaches
prethreshold ROP, we recommend that the attending ophthal-
mologist inform the parents or guardians of the examination
results, prognosis, and follow-up schedule. Whenever possible,
this should be accomplished in a conference with the participa-
tion of an attending neonatologist, primary nurse, and social
worker or in writing. The emotional burden on the parents or
guardians may be reduced by a thorough discussion of the prob-
lems, especially if an infant requires eventual treatment because
of progression of ROP or sustains visual loss.

PROPHYLAXIS AND THERAPY

For infants who are born prematurely, it appears that the
extrauterine environment must nurture homeostasis and simu-
late intrauterine conditions as well as possible. Until the factors
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that are necessary for the healthy maturation of human infants
are better understood, the prevention of blinding ROP hinges on
preventing prematurity. Indeed, for each week the infant stays
in the normal uterine environment, the odds of eventually
developing threshold ROP reduce. In the CRYO-ROP study
there was a 19% lowering of the odds of reaching threshold for
each additional week of gestational age for all natural history
patients.33

Surfactant
Clinical trials82 have demonstrated that surfactant therapy can
reduce the severity of respiratory distress syndrome and in some
cases lead to a reduction in mortality and a decrease in the inci-
dence of chronic lung disease in preterm infants. A deficiency
in natural surfactant (a complex mixture of phospholipids,
neutral lipids, and proteins synthesized by type II pneumocytes)
is the primary cause of the respiratory distress syndrome. A
variety of mammalian, human, and synthetic preparations have
been demonstrated to reduce the extent of lung disease by reduc-
ing surface tension and stabilizing alveoli, which improves 
aeration of the newborn’s lung.

Several studies have evaluated the effect of prophylactic sur-
factant therapy on the incidence and severity of ROP.142,143

In a retrospective study, Repka et al.143 compared control 
infants with surfactant-treated infants and noted a significantly 
lower incidence of any stage of ROP. Their data suggested that
surfactant may reduce the incidence and severity of ROP in the
VLBW population. However, in a later prospective study,142 the
incidence and severity of ROP did not vary between the control
and surfactant-treated infants. These investigators predicted
that the absolute number of ROP patients will likely increase
because of the decrease in mortality of VLBW surfactant-treated
infants.

Vitamin E
In 1949, Owens and Owens118 first investigated the use of
vitamin E for the treatment of ROP in a nonrandomized study.
Their rationale for treatment was based on the observation that
preterm infants were known to be deficient in vitamin E. Inter-
estingly, at that time the antioxidant properties of vitamin E
were not known and oxygen had not yet been implicated as a
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causative factor in ROP. The antioxidant properties of vitamin
E are now well established, and there are theoretical reasons why
vitamin E may be important in the premature infant and in ROP.
Also, animal studies132 have suggested that vitamin E may
prevent oxygen-induced retinopathy.

Vitamin E belongs to a group of compounds found in human
tissue and termed tocopherols, alpha-tocopherol accounting for
90% of all tocopherols.110 Vitamin E is one of several antioxi-
dants found in human tissues; these are essential in protecting
molecules from oxidative damage by oxygen-derived free radi-
cals. Free radicals are chemical species with an unpaired elec-
tron produced as a result of many biological reactions that may
produce cell membrane damage if not countered by antioxidants.
Vitamin E traps free radicals formed as a result of the oxidation
of the unsaturated fatty acids of membrane phospholipids and is
important in maintaining the integrity and stability of biologi-
cal membranes. Because of exposure to increased oxygen con-
centration in the face of reduced antioxidant defenses, the
premature infant is theoretically at risk of retinal damage from
oxygen-derived free radicals.

Kretzer et al.87,88 developed a hypothesis regarding the role
of spindle cells in the development of ROP based on ultra-
structural observations from preterm infant postmortem
retinas. They demonstrated gap junctions in spindle cells and
an increase in endoplasmic reticulum, which synthesizes and
secretes an angiogenic factor. This may in turn lead to meta-
plasia to myofibroblasts that invade the vitreous causing
membranes to exert tractional forces on the retina. They 
postulated that vitamin E supplementation stabilizes spindle
cells, minimizing gap junction formation, and  interrupting
the sequence of events leading to neovascularization and
retinal detachment.

The role of vitamin E prophylactic supplementation is con-
troversial because numerous clinical trials have been conducted
with conflicting results.43,44,77,110,133,138,146 Some reported no sig-
nificant effect of vitamin E,133,138 others a significant decrease in
severity but not in incidence,44,146 whereas others reported a sig-
nificant decrease in both severity and incidence of ROP.43,77 A
meta-analysis of 1418 infants reported in the literature found a
52% reduction in incidence of stage 3� ROP in vitamin E-
treated infants, but adverse effects could not be evaluated.140b

The differences in results may be explained by the relatively
small numbers of patients in these studies, the problems asso-
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ciated with low-incidence events, and the number of variables
involved.110 The variables include patient selection; dosage of
vitamin E in controls; method of administration (oral, intra-
muscular, or intravenous); the dose, scheduling, and duration of
vitamin E treatment; the plasma vitamin E concentrations
achieved; and methods of statistical analysis.110 Law et al.97 ana-
lyzed seven randomized trials of vitamin E supplementation in
ROP. They calculated the relative risk of developing ROP from
the individual trials and then combined them using standard sta-
tistical techniques to give a summary estimate. Their results
showed no statistical reduction in risk of ROP following vitamin
E treatment either for all infants with ROP or for those with
severe ROP.

Despite inconclusive results, prophylactic vitamin E sup-
plementation might be justified if there were no risks involved
with the therapy. However, complications have been reported in
premature infants that would place a significant number of
infants who would not develop severe ROP at risk of develop-
ing complications from vitamin E supplementation. A signifi-
cant increase in the incidence of necrotizing enterocolitis has
been reported in infants treated with vitamin E.43,76 Johnson et
al.76 also reported a significantly increased incidence of sepsis in
their treated group. In 1983, E-Ferol, which is an intravenous
vitamin E preparation, was recalled following the deaths of 38
infants who received this preparation.129 The carrier (polysorbate
80) may have been responsible for this syndrome, rather than
vitamin E itself.2

In summary, the neonatologist must consider the
risk–benefit relationship when using vitamin E supplementa-
tion; however, the risks appear minimal for premature infants
so long as “physiological” serum vitamin E levels (1–3mg/dl) 
are maintained. Vitamin E is a component of intravenous mul-
tiple vitamin supplements, and “physiological” serum vitamin
E levels can be safely achieved even if this preparation is admin-
istered on the first day of life in the recommended doses with
intravenously supplied maintenance fluids.40 However, caution
should be used when considering high doses, because the 
American Committee of Fetus and Newborn23 concluded that
“at this time, however, the Committee regards prophylactic use
of pharmacologic vitamin E as experimental and cannot recom-
mend that high doses of vitamin E be given routinely to infants
weighing less than 1500g, even if said use is limited to infants
who require supplemental oxygen.”
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Cryotherapy

Transscleral cryotherapy to the avascular retina in infants with
ROP was first advocated as a treatment modality in Japan in the
1970s.145 The treatment rationale for cryotherapy in ROP is based
on previous studies that showed successful regression of neovas-
cularization in other ischemic retinopathies using ablative 
techniques with cryotherapy or photocoagulation. Theories
regarding the mechanism of action of cryotherapy have included
the belief that ablation of ischemic retina reduces the forma-
tion of vasoformative substances and, thus, the stimulus to 
neovascularization.

The use of cryotherapy also gained acceptance in other parts
of the world.10,69 Ben-Sira et al.10 treated only the avascular
peripheral retina in 18 eyes of 9 infants with active retinopathy.
Regression of active retinopathy occurred in all eyes with long-
term retention of good vision in 15 eyes. Hindle69 reported suc-
cessful results in severe acute ROP treating both the neovascular
ridge and the avascular retina anterior to the ridge. However,
other reports were more skeptical regarding the outcomes fol-
lowing cryotherapy for acute ROP.67,80,83 Keith80 applied cryother-
apy to the vascular ridge of 15 eyes in 9 infants with active
retinopathy. He observed that infants in the treated group fared
considerably worse than in the untreated group, and final
outcome was not influenced. Harris and McCormick67 treated
10 eyes of 10 infants with either photocoagulation and/or cry-
opexy, and their early observations suggested that treatment was
neither harmful nor particularly beneficial. Kingham83 treated
14 eyes in 12 infants with acute retrolental fibroplasia with
cryotherapy. He concluded that for only 1 or possibly 2 eyes was
the treatment of value; for the remaining 12 eyes, it was either
ineffective or deleterious. He concluded that treatment by
cryotherapy was rarely, if ever, indicated or justified. Pilot
studies randomizing eyes with severe ROP to either cryotherapy
or observation have been performed.164,165 Palmer and
Goodman122 reported inconclusive results in the management of
15 severe ROP patients. Tasman et al.164,165 suggested that
cryotherapy appears to be preferred over no treatment in the
management of 28 patients with bilateral symmetrical stage 3
ROP where one eye was assigned to cryotherapy and the other
to control.

These early conflicting reports are probably a result of
multiple factors including small groups of patients, variations
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in the timing of treatment intervention, lack of a common
classification system, lack of control eyes, and difference in
treatment technique. Two major different treatment tech-
niques included ablation to either the neovascular ridge (arte-
riovenous shunt) or the avascular retina anterior to the
shunt.109

CRYO-ROP Study
To resolve the uncertainty about the value of cryotherapy for
ROP, a multicenter trial (the CRYO-ROP study) was designed to
evaluate its safety and efficacy.26 In January 1986, 23 participat-
ing centers began enrolling eligible infants weighing less than
1251g. Infants were initially examined between 4 and 6 weeks
of age and examinations were recorded every 2 weeks unless the
ROP reached a “prethreshold” level (zone I, any stage; zone II,
stage 2 with “plus” disease, or zone II, stage 3) (see Table 10-2).
Examinations were then repeated at least weekly until the
prethreshold disease either regressed or showed progression to
threshold disease, which was defined as at least five continuous
or eight cumulative 30°sectors (clock hours) of stage 3 ROP in
zone I or II in the presence of plus disease (see Table 10-2; Figs.
10-6, 10-15). If both eyes developed threshold ROP, one eye was
randomly assigned to receive cryotherapy, while the other eye
served as a control. If only one eye developed threshold, only
that eye was randomized to either cryotherapy or no treatment.
If the less severely affected fellow eye reached threshold and the
first eye had been randomized to “no cryotherapy,” cryotherapy
was offered for the second eye, so that all infants who had two
eyes with threshold ROP had the opportunity to receive
cryotherapy in one eye. If ROP in either eye reached stage 4, the
infant was considered monocular and deemed ineligible for
enrollment in the trial.

Treatment Technique
Cryotherapy may be applied transconjunctivally under topical,
local, or general anesthesia. In the CRYO-ROP study, 27.5% of
all treatments were performed under general anesthesia while
the remainder were done with local anesthesia.27 Cryotherapy
can be performed with a standard retinal probe, pediatric probe,
or cataract probe. A pediatric T-shaped probe with a reverse
curve may be useful because of the small shaft, yet larger area

324 handbook of pediatric retinal disease



of treatment that can be applied. The smaller (1.5-mm) spheri-
cal pediatric probe may also be helpful for treating posteriorly
located disease or when retreating between “skipped” areas at a
later date. If a disease is located in posterior zone II, or in zone
I, one approach is to treat the most posterior avascular retina
with laser using an indirect ophthalmoscopic delivery system
(see below), and completing the treatment anteriorly with
cryotherapy. With increasing experience and the use of pediatric
probes, there is less need to open the conjunctiva to treat pos-
teriorly with cryotherapy, but in zone I cases it may be neces-
sary, unless laser is used for the posterior application of the
treatment. If necessary, the conjunctiva is opened with a scis-
sors snip in the oblique quadrants between the rectus muscles.
Each conjunctival incision is closed with a single 8-0 chromic
suture. Whenever the conjunctiva is surgically incised or is inad-
vertently torn by the cryoprobe, it is an open surgical procedure
and should be treated with appropriate sterile technique.

Cryotherapy is begun under direct visualization anteriorly
at the ora serrata, followed by more posterior applications. The
instant a freeze is noted, the footpedal should be released and
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FIGURE 10-15. Diagram of two representative eyes that have reached
threshold for randomization. Right eye (RE): at least eight cumulative 30°
sectors (clock hours) of stage 3. Left eye (LE): at least five contiguous 30°
sectors of stage 3. Thin line of ROP represents stage 1 or 2, and broader
sketched line signifies stage 3. (From Cryotherapy for Retinopathy of 
Prematurity Cooperative Group. Multicenter trial of cryotherapy 
for retinopathy of prematurity: Preliminary results. Arch Ophthalmol
1988;106:471–479, with permission.)



thawing begun. A freeze usually takes approximately 2s to
appear; however, when insulated by an extraocular muscle it
may take much longer. If a freeze is delayed, the probe should
be checked for contact with the globe. One then moves to
another area of the avascular retina and treats again, constantly
being aware of avoiding unnecessary pressure on the globe, and
releasing the probe periodically to restore circulation. Approxi-
mately 50 treatment applications will be necessary in an average
eye, using a standard retinal probe.26 If a smaller probe is used,
more applications will be necessary. Previously treated areas
blanch within a few minutes and remain visible during the
surgery. Treatment should be contiguous and nonoverlapping,
and treatment of the neovascular ridge should be avoided; how-
ever, treatment should extend to the anterior edge of the ridge.
Treatment can be technically difficult and time-consuming,
even to an experienced surgeon. The first-time premie cryosur-
geon should be prepared for at least an hour’s session and, if the
ROP is located in zone I, probably substantially longer.

Following cryotherapy the infant will require reevaluation
by a neonatologist. Occasionally, in infants not intubated, the
stress of treatment necessitates reintubation and resumption of
assisted ventilation. Even in stable infants, close systemic mon-
itoring is necessary after treatment. The eyes are inspected daily
for signs of infection. There is no proven necessity for any post-
operative topical medication, but a topical antibacterial seems
prudent. Posterior synechiae are not often a significant problem
in the immediate postoperative period, but a mydriatic or cyclo-
plegic (such as 2% homatropine hydrobromide) to move the
pupil for a few days may be beneficial and may decrease pain.
Topical steroids may be considered if significant inflammation
occurs.

In cases that show a favorable effect from cryotherapy, plus
disease subsides within the first few days, and this is followed
by regression of extraretinal fibrovascular proliferation in 10 to
21 days. Postoperative examination of the fundus should be per-
formed 5 to 7 days following treatment, to evaluate for untreated
(skipped) areas. If these are found near the ridge in association
with persistence of plus disease, and if there is either segmental
shallow retinal detachment or progression of extraretinal
fibrovascular proliferation in this same quadrant, additional
treatment of untreated avascular retina is indicated.26

In an effort to minimize surgical and visual morbidity, a
modification of the standard treatment technique in the CRYO-

326 handbook of pediatric retinal disease



ROP study has been proposed.113,153 Nissenkorn et al.113 reported
successful anatomic results in 23 infants using only one row of
cryo applications to the avascular retina anterior to the fibrovas-
cular ridge of stage 3 ROP. Spencer et al.153 reported regression
in 17 of 18 eyes with stage 3� ROP using cryotherapy applica-
tions limited to the avascular retina adjacent to the areas of stage
3 disease. These approaches have not been validated by adequate
controlled studies.

Results of the CRYO-ROP Study
The CRYO-ROP study registered 9751 infants with birth
weights less than 1251g at 23 study centers between January
1986 and November 1987.27 Many of these infants (3929) were
excluded from further follow-up for various reasons (death,
transfer out of study center, or declined consent), leaving 4099
infants remaining who were followed up sequentially according
to the protocol. Of these, 291 eventually reached threshold ROP
and were randomized into the cryotherapy trial. At 3 and 12
months after randomization, a detailed fundus examination was
performed and stereoscopic photographs of the posterior pole
and anterior segment were taken. The primary outcome for eyes
in this clinical trial was derived from masked assessment of the
photographs. Outcomes were classified as “unfavorable” if the
photographs showed (1) a posterior retinal fold involving 
the macula, (2) a retinal detachment involving zone I of the 
posterior pole, or (3) a retrolental mass obscuring the posterior
pole. All eyes with other fundus appearances were classified as
having a “favorable” outcome.

The randomized cohort of 291 infants had a mean birth
weight of 800g and a mean gestational age of 26.3 weeks. Bilat-
eral threshold disease was present in 82.5% of the infants and
22.7% of the infants were from multiple births. The mean
chronological age at which randomization occurred was 11.3
weeks and the mean postconception age (gestational age plus
chronological age) was 37.7 weeks. Of the 265 treated eyes, 17
required additional cryotherapy. The criteria for retreatment
were the persistence of plus disease 3 to 17 days after cryother-
apy, with adjacent untreated avascular retina.

Of the 279 infants who survived 3 months following ran-
domization, 273 returned for outcome examination at that
time.27 Of these infants, 260 had fundus photographs that could
be graded for anatomic outcome. Although 51.4% of control
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eyes had an unfavorable outcome, this was significantly less fre-
quent in the eyes that received cryotherapy (31.1%). There was
also good correlation between the outcome assessment of the
clinician and that of the photograph readings. These data demon-
strated the efficacy of cryotherapy in reducing by approximately
one-half the risk of unfavorable retinal outcome from threshold
ROP.

Of the original cohort of 291 infants who underwent the
randomization procedure, 246 returned for the 12-month follow-
up examination.28 Results of masked grading of fundus photo-
graphs of the posterior pole were similar to results obtained 3
months after randomization, and indicated an unfavorable
outcome in 25.7% of eyes that received cryotherapy compared
with 47.4% of the control eyes. Also, masked Teller Acuity
Card39 assessment of grating acuity was performed in this study
group and indicated an unfavorable functional outcome in
35.0% of the treated eyes compared with 56.3% of the control
eyes.

The overall incidence of an adverse cosmetic outcome (stra-
bismus, corneal opacity, eyelid fissure asymmetry) in a group of
survivors in the natural history cohort (n � 2759) was 15.1%.31

In patients with bilateral threshold ROP who underwent ran-
domization to cryotherapy in one eye, more frequent adverse
cosmetic outcomes were found in the untreated fellow eyes.31

Results were reported at the 31/2-year follow-up examination
on 92% of the 256 survivors from the original cohort of 291
infants in the randomized trial.32 Functional outcome was eval-
uated by masked assessment of letter acuity using the HOTV
crowded letter test and grating acuity using the Teller Acuity
Card procedure. Structural outcome was evaluated by physi-
cian’s assessment of ROP residua in the posterior pole. All three
outcome measures showed a reduction in unfavorable outcomes
in treated versus control eyes: 46.6% versus 57.5% for letter
acuity, 52.4% versus 65.6% for grating acuity, and 26.1% versus
45.4% for posterior pole status. These results supported the
long-term efficacy and safety of cryotherapy in the treatment of
severe ROP.

Intraoperative ocular complications during the course of the
trial were limited and included conjunctival or subconjunctival
hematomas; unintended conjunctival lacerations; retinal, pre-
retinal, or vitreous hemorrhage; transient closure of the central
retinal artery; and inadvertent freezing to an area outside of the
target zone (Table 10-5).26,27 Intraoperative systemic complica-
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tions included bradycardia, tachycardia, arrhythmia, apnea,
cyanosis, hypoxemia, transient blood pressure changes, tempo-
rary respiratory arrest, and seizure (Table 10-5).26,27 No deaths
from treatment occurred. Additional potential complications
secondary to cryotherapy that were not reported in the study
include occlusion amblyopia, elevation of intraocular pressure,
preretinal membrane formation, inadvertent freezing of the
optic nerve or macula, perforation of the globe, orbital wall
injury, and cardiorespiratory arrest.13 Greven and Tasman61

reported retinal tears developing at the junction between treated
and untreated retina and resulting in retinal detachment in two
patients several months after cryopexy. A 10-year follow-up
study of children in the CRYO-ROP study found that peripheral
retinal ablation by cryotherapy for advanced ROP produced only
a small reduction in visual field (approximately 5% compared to
the fellow eye). However, with or without cryotherapy, visual
field area was smaller (by approximately 30%) in eyes that had
severe ROP than in eyes of preterm children who did not develop
ROP.25a

Selection of Patients
Zone I disease is a particular problem in management. Because
the CRYO-ROP study demonstrated relatively weak benefit of
cryotherapy in threshold zone I eyes, some investigators116,156,162

advocate redefining threshold to allow earlier treatment inter-
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TABLE 10-5. Complications During Cryotherapy.
Complications Number %

Intraoperative ocular complications
Conjunctival or subconjunctival hematoma 31 11.7
Conjunctival laceration, unintended 14 5.3
Hemorrhage: retinal, preretinal, vitreous 59 22.3
Closure of the central retinal artery (transient) 1 0.4
Inadvertent freeze to area outside of target zone 2 0.8
Other 2 0.8

Systemic complications
Bradycardia 25 9.4
Acquired or increased cyanosis 3 1.1
Seizure 1 0.4
Other 6 2.3

n � 265.

Source: From Cryotherapy for Retinopathy of Prematurity Group. Arch Ophthalmol 1990;108:195–204,
with permission.



vention in zone I disease. Laser photocoagulation treatment for
subthreshold eyes45 or threshold eyes16 offers promise for zone I
eyes. Laser photocoagulation combined with supplementary
oxygen for prethreshold ROP has been advocated.9 A multicen-
ter trial investigating the use of supplemental oxygen at
prethreshold did not significantly reduce the number of infants
requiring peripheral ablative therapy.156a

Laser Photocoagulation
Xenon photocoagulation was first used in Japan for active ROP
before the use of cryotherapy.112 However, due to technical dif-
ficulties in delivery, this treatment modality was eventually
replaced by cryotherapy. Renewed interest in photocoagulation
treatment for active ROP occurred in the 1980s when techno-
logical advances made indirect ophthalmoloscopic delivery
systems for argon laser photocoagulation available. Landers et
al.95 first reported the application of argon laser with the indi-
rect ophthalmoscope to the entire area of avascular retina in one
premature infant with threshold ROP. This study was followed
by an additional report96 in which 15 eyes of 9 infants at or
beyond threshold stage 3� ROP were treated with argon laser
photocoagulation and followed for a minimum of 6 months. A
favorable outcome was seen in 73% of eyes, which was compa-
rable to the results in the CRYO-ROP study. McNamara et al.104

compared the efficacy of transcleral cryotherapy versus laser
photocoagulation in 22 infants with threshold stage 3� ROP in
a prospective, randomized clinical trial. Fifteen of 16 eyes ran-
domized to laser, and 9 of 12 eyes randomized to cryotherapy in
18 infants followed for at least 3 months showed regression of
extraretinal neovascularization. These results also suggested
that laser therapy is as effective as cryotherapy in the treatment
of ROP. In the same clinical trial, McNamara et al.105 reported
their treatment results with the portable diode laser (emitting
light at 810nm) compared with transcleral cryotherapy. Twenty-
five of 28 eyes treated with diode laser photocoagulation using
indirect ophthalmoscopic delivery and followed up for at least 3
months underwent regression. Of 24 fellow eyes treated with
cryotherapy and followed up for at least 3 months, 20 underwent
regression. Hunter and Repka73 reported their results in a
prospective randomized study comparing diode laser with
cryotherapy in 19 infants (33 eyes) with threshold ROP. Only 1
infant in each group progressed to an unfavorable outcome.
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These studies16,73,105 suggest that diode laser, in addition to argon
laser, is as effective as cryotherapy in the treatment of thresh-
old ROP.

Laser treatment to the avascular retina in ROP has several
practical advantages over cryotherapy. The laser unit is portable,
more convenient, and laser treatment is technically easier to
apply. Most importantly, because laser therapy is better toler-
ated by the patient, it can sometimes be delivered without the
need for subconjunctival or general anesthesia. The use of
topical anesthesia, with or without sedation, may avoid some of
the systemic complications seen with local or general anesthe-
sia.13 Complications associated with laser therapy include
corneal haze, burns of the iris, cornea, and tunica vasculosa
lentis, transient lens opacities, and choroidal hemorrhage.16a,39b,73

Blinding cataracts have also been observed following laser
therapy for ROP.134 Outcomes following surgery for laser-
induced cataracts in ROP are usually poor; this appears to be due
to hypotony, possibly from damage to the posterior ciliary 
arteries.94a Laser treatment is applied with a dull white laser
burn as an end point, usually leaving one-half to one “burn
width” between lesions (Fig. 10-16). All avascular retina is
treated anterior to the ridge. As in the CRYO-ROP study, retreat-
ment may be necessary if complete regression of extraretinal
fibrovascular proliferation is not observed. 

Laser photocoagulation may offer significant advantages
over cryotherapy for treatment of zone I threshold ROP. This is
a critical issue because the CRYO-ROP study reported a 91.7%
unfavorable outcome in control eyes and a 75.0% unfavorable
outcome in treated eyes with zone I disease.28 Capone et al.16

treated 17 (30 eyes) infants with zone I threshold ROP with diode
laser photocoagulation. A favorable outcome was attained in 25
eyes (83.3%). Other reports45,155,156 have recognized that posterior
ROP may have an aggressive course and may require earlier
treatment intervention instead of waiting for threshold criteria.
Fleming et al.45 used diode laser photocoagulation to treat 18
eyes in 9 infants with prethreshold, posterior ROP. Treatment
was commenced as soon as plus disease developed (defined as
tortuosity and dilation of posterior vessels) and disease regres-
sion was achieved in all eyes. They recommended lowering the
threshold criteria for the treatment of posterior ROP because 
of the extremely poor prognosis of this form of ROP. Other
reports156,162 have recommended the reassessment of present
threshold criteria in view of the experience gained from the
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FIGURE 10-16A–C. (A) Threshold ROP: ridge of active fibrovascular pro-
liferation between vascular and avascular retina. (B) Dull white laser
burns seen immediately after laser photocoagulation to avascular retina
anterior to fibrovascular ridge. (C) Chorioretinal scarring 3 weeks fol-
lowing laser photocoagulation to avascular retina. Note regression of
extraretinal fibrovascular proliferation. (Courtesy of Dr. R.R. Ober.)



CRYO-ROP study and recent laser studies in the treatment of
ROP. This idea is currently being tested in the Early Treatment
for ROP study, sponsored by the National Eye Institute.

Several studies9,16,73,96,104,105 suggest that laser therapy is as
effective as cryotherapy for ROP. The Laser ROP Study group,175

after conducting a meta-analysis of three published, randomized
laser ROP trials and one unpublished, nonrandomized ROP trial,
came to the same conclusion. The risks of laser versus cryother-
apy must be weighed for each individual patient.

MANAGEMENT OF ADVANCED ROP

STOP-ROP Trial 
The STOP-ROP multicenter trial studied the use of supple-
mental therapeutic oxygen late in the hospital course for the
treatment of advanced ROP (pre-threshold ROP).78a,111 The
hypothesis stated that increasing the oxygen in patients with
Stage 3 ROP would down regulate VEGF and cause regression 
of the neovascularization. The results from the trial showed 
no significant decrease in poor outcomes. It is important to 
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note that the supplemental oxygen therapy was given late in 
the infant’s hospital stay. Hyperoxia early in the premature
infant’s course may be detrimental and increases the risk for
severe ROP.30a,57a,79a

Scleral Buckling
Despite the significant reduction in the incidence of an unfa-
vorable anatomic outcome (posterior pole macular fold or retinal
detachment) noted in the CRYO-ROP study, 31.1% of treated
eyes progressed to this outcome.28 Reports before completion of
the CRYO-ROP study utilizing encircling scleral buckling to
reattach the retina in advanced ROP indicated encouraging
results.106,107,161,168 However, the optimum timing and modality
of surgical intervention for advanced ROP are unclear. A signif-
icant advantage of scleral buckling over vitrectomy is in main-
taining phakia. Lens-sparing vitrectomy techniques have been
developed and may be superior to buckling in some settings.102

Lens-sparing vitrectomy in stage 4� eyes may prevent progres-
sion to more advanced stages.16b

Eyes selected for scleral buckling usually are stage 4B 
eyes or stage 5 eyes with open funnels and minimal vitreous
traction. Because the retinal detachment in stage 4A eyes, in 
particular, may remain stable or even undergo spontaneous 
reattachment, surgery may be withheld until progression of 
the detachment into the fovea.62 However, visual outcomes are 
generally poor despite successful macular reattachment, possi-
bly because of retinal abnormalities as a result of detachment
and amblyopia.19a,115 Thus, scleral buckling for stage 4A eyes,
before macular detachment, may possibly yield better visual
results.171

The technique of scleral buckling involves placement of a
2- to 2.5-mm-wide, 360°circumferential silicone band on epis-
clera. Supplemental buckling elements can be placed to support
the area of highest ridge elevation. Peripheral cryoablation may
be applied to avascular attached retina if neovascular activity is
still present and preoperative treatment is absent or inadequate.
Subretinal fluid drainage is performed routinely by some sur-
geons,62 whereas others115,171 rarely drain, but instead perform
anterior chamber paracentesis. The encircling band usually
must be divided or removed several months following surgery
to prevent retardation of eye growth and reduce the likelihood
of extrusion of the band later in life.62,171 The retina usually
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remains attached after buckle removal, and myopia may
decrease.19b

Scleral buckling for advanced ROP appears to play a role in
reducing progression from stage 4 to stage 5 ROP. Greven and
Tasman62 achieved anatomic attachment of the retina in 13
(59%) of 22 eyes with either stages 4B or 5. Of these patients
achieving anatomic reattachment with follow-up of 18 months
or more, 4 (40%) of 10 had 20/400 or better visual acuity. Noorily
et al.115 used scleral buckling alone to successfully reattach 10
of 15 eyes (67%). However, of these cases only 2 (20%) of 10
were able to achieve fix-and-follow acuities. Trese171 reported
anatomic retinal reattachment in 12 (70%) of 17 stage 4A eyes,
29 (67%) of 43 stage 4B eyes, and 4 (40%) of 10 stage 5 eyes. This
study was not designed to tabulate visual results, but isolated
cases yielded visual acuities as good as 20/30.171

As it was estimated in 1991 that 440 to 770 infants would
be affected with low vision due to retinal detachments, the exact
role of scleral buckling in the management of advanced ROP is
a critical issue.111 Because spontaneous retinal reattachment in
stage 4 ROP can occur (and rarely stage 5 ROP), it is critical to
compare current data with the natural history of retinal detach-
ment as it becomes available. Ideally, a randomized, prospective
clinical trial of scleral buckling should be performed to define
its role in the management of advanced ROP.

Vitreoretinal Surgery
If vitreous traction is severe, especially if the posterior pole is
involved, scleral buckling may not be sufficient to reattach the
retina, and vitrectomy may be indicated. Eyes considered for vit-
rectomy are usually stage 5 eyes, although stage 4B eyes with
significant posterior vitreous traction may qualify. Refinements
in vitrectomy instrumentation and techniques have been devel-
oped that allow meticulous removal of proliferative membranes
and reattachment of the retina in some ROP eyes that previous
were unsalvageable.

The two major surgical approaches to vitrectomy for
advanced ROP are the closed- and open-sky techniques. Both
techniques offer advantages and disadvantages. Charles18 and
others20,37,169,170,176 helped to pioneer the closed technique, which
is now the technique used most commonly. Charles18 utilized a
two-port technique; one port for right-angle 20-gauge scissors
and the other for an infusion needle. He advocated a pars plicata
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entry site because of the usual marked anterior displacement of
the retina and the underdeveloped pars plana in the premature
infant eye. After lensectomy, the retrolental tissue and epireti-
nal membranes are removed by scissors delamination. Air is
injected at the completion of the dissection, but subretinal 
fluid is usually not drained because of the risk of retinal break
with forceful posterior expansion of the retina. deJuan and
Machemer37 use a similar technique, but advocate using a limbal
entry site and a three-port technique with suturing of the infu-
sion cannula to the globe. This technique allows both true
bimanual membrane removal (forceps and scissors) and poste-
rior dissection with the use of an intraocular fiberoptic light
pipe. Trese169,170 reported a two-port system combined with
sodium hyaluronate infusion; this allows for a true bimanual
technique and the use of a fiberoptic light pipe for posterior 
dissection.

Hirose et al.72 advocated an open-sky technique, because of
some of the inherent difficulties with closed vitrectomy. With
this technique, the cornea is removed and stored in tissue
culture fluid during surgery. The lens is then extracted intra-
capsularly with a cryoprobe. The retrolental membranes are
then dissected with a microspatula and Vannas scissors and
removed from the detached retina in one piece. Hyaluronic acid
is used to expand the funnel detachment to facilitate removal of
membranes and fibrous tissue. The corneal button is then
replaced and sutured with 10-0 running nylon sutures. The
open-sky technique allows direct access to the retrolental mem-
branes, affords an excellent view, and allows a true bimanual
technique. The potential disadvantages of the open-sky tech-
nique include prolonged hypotony, prolonged operating time,
limiting posterior dissection, and induced astigmation.

Indications for surgical intervention are not established, but
most surgeons recommend operating when vascular activity is
regressing or regressed. In general, surgery is performed between
6 and 12 months of age. However, ambulatory vision has been
reported in patients operated between 2 and 3 years of age.72

Better results have been attained if the configuration of the
retinal detachment funnel was wide anteriorly and wide 
posteriorly.72,169,170

The anatomic results following either closed-sky or open-
sky vitrectomy are variable. Hirose et al.72 reported reattach-
ment in 205 (39.2%) of 524 eyes in 338 infants with the open-sky
technique during the period 1974 through 1989. Trese170

achieved anatomic retinal attachment in 48% of eyes with stage
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5 ROP. Zilis et al.176 achieved partial attachment in 9 (64%) of
14 eyes with stage 4 ROP and in 38 (31%) of 121 eyes with stage
5 ROP; complete attachment in stage 5 eyes was achieved in 11
eyes (9%). Quinn et al.140 reported a reattachment rate of 28%
in 20 of 71 eyes (defined as retinal reattachment of some degree).
Charles18 reported a 46% anatomic success rate in 580 patients.

Unfortunately, despite anatomic reattachment following
vitrectomy, visual outcome is extremely disappointing.79 These
poor visual outcomes are probably a result of ocular and neuro-
logical (amblyopia) causes.19a,79,170,176 Hirose et al.72 reported
visual results among 82 eyes with attached retinas; vision was
20/200 in 3 eyes, 20/400 in 4 eyes, 20/800 in 9 eyes, 20/1600 in
11 eyes, and 20/3200 in 24 eyes. In 26 eyes, vision was limited
to light perception. Trese170 reported 26 of 85 eyes (31%) exhibit-
ing visual behavior (light reaction, follow objects, identify
shapes). Zilis et al.176 reported final visual acuity of fix and follow
or greater in 6 (43%) of 14 eyes with stage 4 and in 13 eyes (11%)
with stage 5 ROP. Quinn et al.140 reported pattern vision
(response to low-vision acuity card with 2.2-cm-wide stripes39)
in only 2 of 20 eyes with retinal reattachment following vitrec-
tomy. A study by Cherry et al. demonstrated that in 5 eyes with
reattached retinas after stage 5 ROP, the ERG was nonrecord-
able. Thus, persistent retinal dysfunction limits vision even
after retinal surgery for severe ROP.19a

In selected cases, lens-sparing vitreous surgery may be per-
formed in stage 4B or stage 5 eyes16b,102; this offers several poten-
tial advantages over standard vitrectomy methods, in which
lensectomy is performed, regarding development of the visual
system following surgery, such as better optical rehabilitation
and shorter periods of postoperative visual deprivation. Finally,
vitreous surgery may be beneficial in selected eyes of older
patients with advanced ROP in eliminating media opacities and
for uncovering areas of functional, attached retina.11 The visual-
evoked potential and contact B-scan ultrasound of the globe may
be useful in predicting which older patients may benefit from
vitreous surgery. A randomized clinical trial is needed.

FUTURE DIRECTIONS IN CLINICAL
RESEARCH FOR ROP

Although great strides have been made in treating the active
stages of ROP, the cicatricial sequelae, for example, retinal
detachment, retinal folds, and retrolental membranes, are best
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prevented rather than managed after they occur because of
severe limitations in successful anatomic and visual outcomes.
Therefore, clinical research regarding any of the aspects of pre-
natal, perinatal, or neonatal care that could result in lower rates
of premature birth is vital. In addition, knowledge gained about
the basic mechanisms of control of neovascular retinopathies
and vitreoretinal disorders may be applied clinically to aid in the
reduction or elimination of the cicatricial sequelae of ROP. Some
day, perhaps control can be achieved pharmacologically.
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Infectious, Inflammatory,
and Toxic Diseases of the

Retina and Vitreous
William L. Haynes, Jose S. Pulido, and 

Peter H. Spiegel

The first portion of this chapter discusses inflammatory and
infectious disorders that affect the posterior segment of the

eye. Some of the disorders that are discussed are much more
common in children than in adults (e.g., pars planitis). Although
others are more common in adults, the ability to recognize their
appearance is important because they can occur in pediatric
patients (e.g., the presumed ocular histoplasmosis syndrome). In
the last portion of the chapter, nutritional and toxic disorders 
of the retina are presented. Table 11-1 lists various infectious,
inflammatory, toxic, and nutritional disorders of the retina and
vitreous in the approximate order of their prevalence in children.
Disorders that occur primarily in children are marked with a
“c”; disorders that occur primarily in adults are marked with an
“a”; conditions that occur in both groups are marked “a,c.”

PARS PLANITIS

Pars planitis is a chronic inflammatory disorder of the retina and
vitreous that commonly occurs in children and young adults.
The etiology of the disease is not known. However, pars plani-
tis has been associated with HLA-DR2 suballele-DR1501.27a Pars
planitis is characterized by vitreous inflammation, commonly
associated with “snowball” opacities of the vitreous and “snow-
bank” opacities along the pars plana (Fig. 11-1A). Retinal
periphlebitis may also be seen. Patients usually present with

11
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TABLE 11-1. Infectious, Inflammatory, Toxic, and Nutritional
Disorders of the Retina and Vitreous.
I. Infectious and inflammatory disorders

A. Primarily vitreitis
1. Pars plantis (a,c)
2. Juvenile rheumatoid arthritis (c)
3. Toxocariasis (a,c)
4. Sarcoidosis (a,c)
5. Lyme disease (a,c)
6. Inflammatory bowel disease (a)
7. Whipple’s disease (a)

B. Primarily retinitis
1. Toxoplasmosis (a,c)
2. Acute retinal necrosis (a,c)
3. AIDS (CMV retinitis) (a,c)
4. Rubella (a,c)
5. Syphilis (a,c)
6. DUSN (a,c)
7. Candida (a,c)
8. Wegener’s (a,c)
9. SSPE (c)

10. Leptospirosis (Leber’s stellate neuroretinitis) (a,c)
11. Behcet’s (a)
12. Lupus erythematosis (a)
13. Cat-scratch neuroretinitis (a,c)

C. Primarily choroiditis
1. Onchocerchiasis (a,c)
2. Ophthalmomyiasis (a,c)
3. POHS (a,c)
4. APMPPE (a)
5. Sympathetic ophthalmia (a,c)
6. Tuberculosis (a)
7. VKH (a)
8. MEWDS (a)
9. Vitiliginous chorioretinitis (birdshot) (a)

10. Serpiginous chorioretinitis (a)
11. PIC (a)
12. Multifocal choroiditis (a)

D. Other
1. Scleritis (a,c)
2. Bacterial endophthalmitis (a,c)

II. Toxic and nutritional retinal disorders
A. Vitamin A deficiency (Uyemura’s syndrome) (a,c)
B. Chalcosis (a,c)
C. Siderosis (a,c)
D. Oxalosis (a,c)
E. Desferoxamine toxicity (a,c)
F. Carbon monoxide toxicity (a)

G. Methoxyflurane toxicity (a)
H. Chloroquine toxicity (a)
I. Canthaxanthine toxicity (a)
J. Talc retinopathy (a)

K. Plaquenil toxicity (a)
L. Thioridazine toxicity (a)

M. Nicotinic acid toxicity (a)
N. Quinine toxicity (a)
O. Tamoxifen toxicity (a)

CMV, cytomegalovirus; DUSN, diffuse unilateral subacute neuroretinitis; SSPE, subacute sclerosing
panencephalitis; POHS, presumed ocular histoplasmosis syndrome; APMPPE, acute posterior multi-
focal placoid pigment epitheliopathy; VKH, Vogt–Koyanagi–Harada syndrome; MEWD, multifocal
evanescent white dot syndrome; PIC, punctate inner choroidopathy.



blurred vision and floaters but do not usually complain of pain
or photophobia. Up to 80% of cases are eventually bilateral.
Anterior chamber inflammation is usually mild or absent
although children seem to have more anterior chamber inflam-
mation than adults. The snowbank opacities along the pars
plana are characteristic of the disease but are sometimes present
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FIGURE 11-1A,B. (A) Peripheral “snowbanking” is the hallmark of pars
planitis. (B) Angiographic appearance of cystoid macular edema, the most
common cause of visual loss in patients with pars planitis.



in only one eye of a patient with bilateral inflammation. The
snowbanks represent fibroglial masses and are most commonly
seen inferiorly. Peripheral neovascularization may occur along
an area of snowbanking and vitreous hemorrhage can occur.
Optic disc edema may be seen, more commonly in children, in
whom it occurs in up to 50% of cases. In cases of severe vitri-
tis, children may present with decreased red reflexes.

The course of pars planitis is variable. Inflammation is
usually chronic but may not result in severe visual loss. The
amount of visual loss is usually related to the presence of cystoid
macular edema (CME) (Fig. 11-1B). CME is typically worse in
patients having more inflammation. Cataracts, glaucoma, and
retinal detachments may also cause visual loss in these patients.
Vitreous hemorrhage is an important cause of visual loss in chil-
dren with pars planitis. In addition, about 16% of patients with
pars planitis develop optic neuritis or multiple sclerosis. There
are no characteristic laboratory abnormalities. The differential
diagnosis of pars planitis includes sarcoidosis, tuberculosis,
syphilis, toxocariasis, and toxoplasmosis. Conversely, a pars
planitis-like inflammation may also be seen in patients with
multiple sclerosis.4

Treatment of pars planitis with corticosteroids is often effec-
tive. Corticosteroids can have significant ocular and systemic
side effects and should be used with caution. Aggressive treat-
ment is indicated in cases of visual loss from 20/20 or severe
floaters that cause visual impairment. Periocular steriods (20–
40mg triamcinolone diacetate per injection) are the first line of
treatment, especially for unilateral cases. More than one injec-
tion may be necessary to achieve a decrease in inflammation or
resolution of CME. Intraocular corticosteroids may also be con-
sidered and appear to be of significant value. Cryotherapy or
laser photocoagulation to areas of snowbanking or to the retina
behind the snowbanking may be effective in decreasing inflam-
mation in some cases and can decrease peripheral neovascular-
ization. Oral corticosteroids (1–2mg/kg per day, tapering 5–
10mg/wk), may be effective, although significant side effects are
common with prolonged treatment, and treatment for longer
than 3 weeks should be avoided. Methotrexate, cyclosporine, or
chlorambucil may be effective and can decrease peripheral neo-
vascularization, but should be reserved for severe cases.21,31a,35

These agents, particularly cyclosporine, should be used with
great caution. Peripheral scatter photoaocagulation41 is also
useful in treating vitreous base neovascularization. Pars plana
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vitrectomy also has a role in cases with severe vitreitis, macular
edema, vitreous hemorrhage, and epiretinal membrane.

SARCOIDOSIS

Sarcoidosis is an inflammatory systemic disease characterized
by the formation of noncaseating granulomas. The disease 
is most common in adults, although children may be affected.
Posterior segment manifestations are seen in approximately
20% of patients with ocular sarcoidosis. Vitreous inflammation
classically presents as clumps of vitreous debris (“snowballs”).
Perivascular sheathing is common, and severe forms of
periphlebitis can occur. Vascular occlusion (most commonly
branch vein occlusion) may be seen. Multifocal, deep, white,
choroidal lesions are characteristic but similar lesions are seen
in other inflammatory ocular disorders (Fig. 11-2). Granuloma-
tous infiltration of the optic nerve may lead to severe visual loss.

The diagnosis may be made presumptively (e.g., in a patient
with uveitis and bilateral hilar adenopathy) or by biopsy of con-
junctival, skin, or lung lesions. Laboratory testing may be of
some use in making the diagnosis. Serum angiotensin-
converting enzyme (ACE) is often elevated in patients, and an
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FIGURE 11-2. Peripheral “punched-out” chorioretinal lesions in the
presence of active posterior uveitis in a patient with sarcoidosis.



elevated serum ACE supports the diagnosis of sarcoidosis.
Random conjunctival biopsy (when no nodules are seen) has
been advocated by some and may be useful in some cases.33

The differential diagnosis of ocular sarcoidosis includes
many entities. In children, one must consider juvenile rheuma-
toid arthritis and pars planitis. Other diseases that may have a
similar presentation include sympathetic ophthalmia, Behcet’s
disease, and the “white-dot” syndromes.37

Corticosteroids are effective in treating ocular (and systemic)
manifestations of sarcoidosis. Acute iridocyclitis responds well 
to topical corticosteroids. Chronic granulomatous uveitis may
require periocular, intraocular, or systemic steroids. In treating
children, one must remember the severe side effects of chronic
systemic corticosteroids and limit their use when possible.
Choroidal lesions are associated with CNS sarcoidosis and appro-
priate evaluation is required.

OCULAR TOXOCARIASIS

Ocular toxocariasis is caused by invasion of the eye by larval
forms of the dog roundworm, Toxocara canis or, rarely, by the
cat roundworm, Toxocara cati. The first cases of ocular toxo-
cariasis to be described were patients who had undergone enu-
cleation for suspicion of retinoblastoma.57 Most of these patients
had dense vitreous inflammation (vitreous abscess) and retinal
detachment. The more common presentation is a gray to white
mass in the posterior pole or retinal periphery (a focal granu-
loma) with variable amounts of vitreous inflammation (Fig. 
11-3). The inflammation may resolve over time. Vitreoretinal
traction bands may be seen extending from the mass. Patho-
logically, the mass lesion represents a choroidal granuloma.
Peripheral inflammation similar to that seen in pars planitis has
also been described, but only one eye is usually afffected.20 Ultra-
sound biomicroscopy may identify characteristic pseudocysts 
in the peripheral vitreous of affected eyes.54 In some cases, there
are no overt signs of inflammation and a child may present with
strabismus or poor vision on screening tests. The disease is
usually unilateral and almost always occurs in children. The
diagnosis is usually made clinically, but serum antibody titers
determined by enzyme-linked immunosorbent assay (ELISA)
may be helpful in some cases. Titers are often lower in patients
with ocular toxocariasis than in those with visceral larva
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migrans. Serum titers of 1:8 have been suggested to be support-
ive of the diagnosis, but titers of this level may be seen in up to
30% of young children with no evidence of ocular disease.13

Severe infections or those that threaten vision by proximity
to the macula or optic nerve should be treated with periocular
or systemic corticosteroids in an attempt to quiet the inflam-
mation. The antihelminthics thiabendazole and albendazole
have been used with some success, but corticosteroids should
be given concomitantly to blunt the intense inflammatory reac-
tion that occurs following the death of intraocular organisms.38

Cryotherapy and photocoagulation may be used in some cases.1a

Cycloplegic agents should also be used. In cases with less
inflammation, topical steroids may be of some benefit. Cases
that develop epiretinal membranes, traction retinal detachment,
and combined traction-rhegmatogenous retinal detachment may
be treated with modern vitreoretinal surgery techniques in-
cluding vitrectomy, scleral buckling, endolaser, and fluid–gas
exchange.1 The optimum timing of surgery and how aggressive
the surgeon should be in attempting to remove posterior granu-
lomas in undetermined.1

Partly because of the similarity of their names, ocular tox-
ocariasis is sometimes confused with ocular toxoplasmosis (see
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FIGURE 11-3. Fundus photograph shows the typical posterior pole gran-
uloma of toxocariasis. (From Pollard ZF, Jarrett WH, Hagler WS, et al:
ELISA for diagnosis of ocular toxocariasis. Ophthalmology 1979;86:743–
752, with permission.)



following). Table 11-2 summarizes the distinguishing features of
these two entities.

JUVENILE RHEUMATOID ARTHRITIS

Juvenile rheumatoid arthritis (JRA) is a group of disorders char-
acterized by persistent arthritis with an onset before 16 years of
age. Certain types of JRA are associated with a high incidence
of uveitis. The predominant ocular manifestation of the disor-
der is chronic iridocyclitis. A few patients may have significant
vitritis, but the posterior vitreous is usually clear. The uveitis
may initially be asymptomatic but can cause severe visual dis-
ability in some patients. Glaucoma, band keratopathy, anterior
and posterior synechiae, cataracts, and cystoid macular edema
may occur (Fig. 11-4). The uveitis is most commonly seen in
young girls under age 5 with pauciarticular arthritis (four or
fewer joints involved at onset of disease) and positive antinu-
clear antibodies (ANA).7

Treatment of chronic uveitis in patients with JRA is often
difficult. Topical, periocular, or possibly intraocular corticos-
teroids are the treatment of choice. Oral corticosteroids should
be avoided if possible because of the chronic course of the
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TABLE 11-2. Clinical Features of Ocular Toxoplasmosis and Ocular
Toxocariasis.

Toxoplasmosis Toxocariasis

Age of onset Children or adults; may be congenital Almost always children, 
usually over age 3

Associated Microphthalmos in congenital cases; May present with 
ocular may present with strabismus or strabismus or poor 
conditions poor vision 2°to macular scarring vision 2°to macular 

scarring
Associated Microcephaly, convulsions, cerebral None

systemic calcifications, organomegaly in 
conditions congenital cases

Vitritis Common Common
Retinal Fluffy retinitis, often in an area of Retinochoroidal mass 

lesions chorioretinal scarring lesion (granuloma)
Serological ELISA for antibodies to Toxoplasma ELISA for antibodies to 

testing gondii usually positive. PCR of Toxocara canis may
vitreous can also be performed in be positive
some centers.



disease and many side effects of the treatment, but aggressive
treatment is required. It may not be possible to clear the ante-
rior chamber of cells, and the flare often persists after adequate
treatment, but aggressive treatment is required.34 Many children
will be on systemic methotrexate, which may have a steroid-
sparing effect. Systemic cyclosporin A is effective in many
refractory cases.21 Etanercept, which neutralizes tumor necrosis
factor-�, may also be effective in certain cases of treatment-
resistant cases; however, further research is needed regarding its
effectiveness in ocular disease.46

OCULAR TOXOPLASMOSIS

Ocular toxoplasmosis results from infection with the protozoan
parasite Toxoplasma gondii. Congenital toxoplasmosis is classi-
cally described as a triad of convulsions, cerebral calcifications,
and retinochoroiditis. If the fetus is infected in the first
trimester, the resulting illness may be severe, with micro-
cephaly, seizures, intracranial calcification, hydocephalus, jaun-
dice, and organomegaly. Retinochoroiditis is present in 75% to
80% of cases.8,48 Microphthalmos, optic atrophy, anterior and
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FIGURE 11-4. Patient with juvenile rheumatoid arthritis, showing the
sequelae of chronic anterior uveitis that include posterior synechiae and
cataract formation. Band keratopathy is also seen in many of these
patients.



posterior uveitis, strabismus, and nystagmus may also be seen.
Histopathologic features include retinitis, retinal necrosis, RPE
disruption, choroidal inflammation and congestion, and optic
neuritis.47 Infections acquired later in gestation are typically 
less severe and may initially be asymptomatic. Some patients
present with strabismus or poor vision on screening examina-
tions due to macular scarring. Some cases of “acquired” toxo-
plasma retinochoroiditis are probably the result of reactivation
of congenitally acquired infection.42

Older patients with active ocular toxoplasmosis often
present with complaints of decreased vision and floaters. A focal
area of retinitis is often seen adjacent to an old scar (Fig. 11-5A).
The active area is fluffy and white and has an overlying vitritis.
When vitreous inflammation is intense, the classic “headlight-
in-a-fog” presentation is seen, representing an area of retinitis
seen through vitreous haze (Fig. 11-5B). A typical attack may last
a week to several months despite treatment. The visual prog-
nosis depends mainly on the presence or absence of macular
involvement. Papillitis is rarely seen but is a cause of perma-
nent visual loss in some patients. Punctate retinal lesions have
also been described.14 One study found a 6% incidence of retinal
detachment and an additional 5% incidence of retinal breaks in
150 patients with ocular toxoplasmosis.6 Patients with severe
inflammation and myopia were at greatest risk. The diagnosis
is made when a typical fundus lesion is found in a patient with
positive serological testing. The presence of IgG or IgM anti-
bodies in serum can be detected by indirect immunofluores-
cence or ELISA. Neonates with congenital infections may
demonstrate IgM antibodies in the cerebrospinal fluid (CSF).
Because many patients without active toxoplasmosis may have
positive antibody titers, the diagnosis is mainly a clinical one,
with serology playing a supportive role. More recent work has
shown that polymerase chain reaction of blood, aqueous, and
vitreous can identify T. gondii DNA.18,32

Congenital infections should be treated agressively for a
duration of 1 year. Triple drug therapy with pyramethamine,
sulfadiazine, and leukovorin (folinic acid) is clearly superior 
to treatment for 1 month or no treatment.29,30,48 Prednisone is
added for elevation of CSF protein and for vision-threatening
chorioretinitis. Prolonged triple-agent treatment has been shown
to lead to quite favorable neurological and ophthalmologic out-
comes, despite severe disease at presentation.29,30,48 Therefore,
early, accurate diagnosis and prompt referral are imperative.
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In older patients, treatment should be considered if the
macula or optic nerve is threatened or if the patient is immun-
odeficient. Triple-drug therapy also is commonly used in older
patients [pyrimethamine (50mg loading dose, then 25mg orally
twice a day), sulfadiazine (1g orally four times a day), and pred-
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FIGURE 11-5A,B. (A) Active inflammation at the edge of an old chori-
oretinal scar in a patient with toxoplasmosis. (B) Classic “headlight-in-
the-fog” appearance of active toxoplasmosis represents a posterior pole
inflammatory mass seen through the haze caused by posterior uveitis.



nisone (20–40mg or more daily usually starting 1–2 days after
the other drugs)]. Folinic acid (3–5mg orally three times per
week) is also given to counteract the toxic side effects of
pyrimethamine (mainly bone marrow toxicity). Prednisone
should not be used alone to treat ocular toxoplasmosis.50 Clin-
damycin and azithromycin has been used as an alternative or
additional drug to treat ocular toxoplasmosis and may have
some efficacy.24 Preventative measures such as adequate cooking
of meats and the avoidance of cats and cat feces by pregnant
women and high-risk individuals are recommended.

LYMPHOCYTIC CHORIOMENINGITIS
VIRUS CHORIORETINITIS AND HTLV-1

Lymphocytic choriomeningitis virus (LCMV) is an arena virus
harbored by the common house mouse and other rodents. Trans-
mission to humans may occur through the air and through con-
sumption of food infected by urine, feces, and saliva. Bites may
also transmit the virus. Only a few dozen cases of disease attrib-
utable to LCMV have been published, but this entity is proba-
bly more common than previously believed.31

Vertical transmission may lead to a congenital syndrome 
of chorioretinal scarring and retinal pigment epithelium (RPE)
migration, with consequent visual impairment. Central nervous
system sequelae include microcephaly, cerebral atrophy, hydro-
cephalus and periventricular calcification. Infections causing
only ocular disease have been documented. Infections acquired
by older children and adults are less severe and may be subclin-
ical. Diagnosis is made through immunofluorescent antibody
testing and ELISA testing. The differential diagnosis of LCMV
chorioretinitis includes the constituents of the TORCH cluster;
however, the appearance of congential LCMV most closely
resembles toxoplasmosis.5 Exposure to rodents during pregnancy
should be avoided.31 HTLV-1 can cause uveitis. This has been
noted most commonly in Asia and the Caribbean.30a

ACUTE RETINAL NECROSIS

The acute retinal necrosis syndrome (ARN) is characterized by
necrotizing retinitis and vitritis in immunocompetent patients.
Although it is most common in the 20- to 50-year-old age group,
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it can occur in children. The disease is most commonly unilat-
eral, but up to one-third of cases are bilateral. The second eye is
usually affected within a few weeks of the first but occasionally
this occurs much later.

Patients often initially present with a painful red eye sec-
ondary to a granulomatous anterior uveitis (Fig. 11-6A). Patchy

362 handbook of pediatric retinal disease

FIGURE 11-6A,B. Common features of the acute retinal necrosis syn-
drome. The affected eye is usually red and painful. Diffuse whitening of
the retina is seen on ophthalmoscopy. Retinal hemorrhage may also be
seen.



whitening of the peripheral retina and vitreous inflammation
may be present initially or may develop over days to weeks.
Arterial sheathing is common. The white areas may coalesce
and spread posteriorly (Fig. 11-6B). The active phase of retinitis
lasts 4 to 6 weeks. When lesions clear, they leave atrophic scars
with RPE stippling. Three-fourths of these patients develop
retinal detachment in the involved eye within 1 to 2 months,
often complicated by large breaks and tractional components.
Visual loss secondary to optic nerve involvement may also
occur.

Herpesvirus particles have been identified within necrotic
retina from eyes with ARN. Varicella zoster virus (VZV) and
herpes simplex type 1 and 2, demonstrated by polymerase chain
reaction (PCR) and antibody testing, have been shown to be the
most common causes.9,23,53,55

The treatment of ARN is difficult, and no randomized clin-
ical trials have been performed. However, the retinitis responds
to acyclovir. Retinal tears often occur despite treatment, com-
monly leading to retinal detachment. Prophylactic laser at 
the edge of the involved retina and i.v. acyclovir therapy may
improve the prognosis.19 Poor visualization may preclude laser
therapy, and early vitrectomy may be required in patients with
ARN and hazy vitreous. The role of corticosteroids in this dis-
order is controversial.

RUBELLA

Expectant mothers who are infected with the rubella (German
measles) virus during pregnancy may give birth to infants with
a variety of congenital anomalies affecting the eyes, ears, heart,
and other organs. Depending on the stage of gestation at the time
of infection, a wide variety of clinical features may be seen. The
most common ocular findings of the congenital rubella syn-
drome are nuclear cataract (often eccentric), microphthalmos,
and a salt-and-pepper retinopathy. Other findings include con-
genital glaucoma, strabismus, and iris hypoplasia. Nonocular
findings include sensorineural hearing loss and congenital heart
disease.

Rubella retinopathy is classically described as a “salt and
pepper” mottling of the retinal pigment epithelium (RPE) (Fig.
11-7A,B) that is often most prominent in the posterior fundus.
Eighty percent of cases are bilateral. The abnormal fundus

chapter 11: infectious, inflammatory, and toxic diseases 363



appearance may be seen alone or may be accompanied by other
ocular abnormalities such as cataract and microphthalmos.
When seen alone, the abnormal fundus appearance does not
usually result in a decrease in visual acuity. Visual fields, color
vision, electroretinography, and electro-oculography are usually
normal. Fundus changes may progress throughout childhood, and
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FIGURE 11-7A,B. Fundus photograph (A) and angiogram (B) from two 
different patients with congenital rubella show the characteristic “salt-
and-pepper” retinopathy.



choroidal neovascularization has been described. The fundus
picture is not specific for rubella. A similar appearance may
occur in patients with congenital syphilis as well as toxic or
inherited diseases of the RPE and the carrier state of X-linked
ocular albinism.16 Positive serum titers of antibody against the
rubella virus are indicative of prior infection and may aid in
making the diagnosis. However, negative antibody titers do not
rule out the diagnosis of congenital rubella because antibodies
may disappear with time. Treatment for the choroidal neovas-
cularization can be performed with conventional laser photoco-
agulation or photodynamic therapy.

SYPHILIS

Syphilis is a sexually transmitted disease caused by the spiro-
chete Treponema pallidum. Syphilitic eye disease may be 
congenital or acquired. Congenital syphilis is associated with a
pigmentary retinopathy that is classically described as a “salt-
and-pepper” mottling of the fundus (Fig. 11-8A). The retinal
pigment epithelial clumping may mimic retinitis pigmentosa.
Optic atrophy is also commonly seen. Infants with congenital
syphilis acquire the disease transplacentally. Affected infants
may have failure to thrive, hepatosplenomegaly, and anemia.
Classic nonocular physical signs include saddle nose, sabre
shins, and Hutchinson’s teeth. Some cases are asymptomatic
and are recognized later in life (e.g., after an episode of intersti-
tial keratitis). Acquired syphilis commonly produces a patchy
neuroretinitis that may result in profound visual field loss.
Uveitis (Fig. 11-8B) or optic disc edema may also occur with or
without chorioretinitis.

The diagnosis of syphilitic eye disease is made with a com-
bination of clinical and laboratory examinations. In congenital
cases, the serum VDRL and FTA-ABS tests may be negative early
in the course of the disease. However, in cases of congenital
syphilis that present late, as well as in cases of acquired syphilis,
these tests are usually useful. Because the serum VDRL may be
falsely negative in some patients, the FTA-ABS is a more reli-
able test. However, false-positive results occur with both tests.
VDRL testing of the CSF should be performed in patients with
suspected secondary or tertiary syphilis.

Treating affected mothers is the best preventative treatment
for congenital syphilis. Infants with congenital syphilis should
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be treated similarly regardless of CSF serologies.17 Treatment of
acquired cases depends on CSF serologies. The latest recom-
mendations from the Centers for Disease Control should be con-
sulted before starting therapy. Ocular syphilis should be treated
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FIGURE 11-8A,B. (A) Fundus photograph from patient with congenital
syphilis. Note the pigmentary abnormalities and pale optic disc. (B) Ante-
rior or posterior uveitis may be seen in patients with secondary syphilis.
This patient presented with posterior uveitis and a chorioretinal inflam-
matory mass.



as if it were neurosyphilis. Cycloplegics and topical or periocu-
lar steroids may be helpful adjuncts in patients with uveitis. 

AIDS AND OPPORTUNISTIC 
OCULAR INFECTIONS

Acquired immunodeficiency syndrome (AIDS) is caused by
infection with HIV-1, a retrovirus. Infection with the virus may
occur in any age group and most commonly occurs through
sexual intercourse or shared intravenous needles. Infants can
acquire the disease in utero from an infected mother (vertical
transmission) or from breast milk. Patients who are infected
with the virus develop a profound depression in cell-mediated
immunity. The disease may manifest itself many years after the
initial infection with the virus. Patients are prone to develop
opportunistic infections such as Pneumocystis carinii pneumo-
nia and unusual neoplasms such as Kaposi’s sarcoma.

Ocular involvement is quite common in affected patients
and ranges from scattered cotton wool spots to potentially blind-
ing cytomegalovirus (CMV) retinitis.2 Cotton wool spots are
commonly seen in affected patients. Clinically, these nerve fiber
layer infarcts appear as whitish fluffy lesions of the inner retina
(Fig. 11-9A) that may be up to 0.5 disc diameters in size. They
do not enlarge with time (as do the lesions of CMV retinitis) and
rarely cause any visual disturbance. Cytomegalovirus is a her-
pesvirus that can cause a severe retinitis. The disease occurs
almost exclusively in immunocompromised hosts (e.g., organ
and bone marrow transplant patients, cancer patients, patients
with AIDS). Approximately 1.6% to 6% of children with AIDS
develop CMV retinitis, which is significantly less frequent than
in adults.2,12 CMV retinitis may appear as fluffy whitish retinal
lesions with hemorrhage that enlarge over time (Fig. 11-9B).
Alternatively, the lesions may be granular centrally with hem-
orrhage and retinal whitening at the periphery. The edges of the
lesions are areas of active viral infection whereas the central
areas represent necrotic retina. Lesions often start peripherally,
and visual acuity may be normal until the macula or optic nerve
are involved.

The diagnosis of CMV retinitis in children may be delayed
because of their inability to report visual loss. Therefore, 
screening examinations on a more frequent schedule than in
adults may be desirable. Retinal examinations should also be
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performed when systemic CMV infections are detected. Du 
et al.12 found that children with HIV and a CD4 lymphocyte
count less than 20 were at greater risk for retinitis whereas those
with higher counts did not develop retinitis. Optimal treatment
of CMV retinitis in children has not yet been established. Treat-
ment with intravenous foscarnet or ganciclovir often results in

368 handbook of pediatric retinal disease

FIGURE 11-9A,B. (A) Cotton wool spots are commonly seen in patients
with the acquired immunodeficiency syndrome (AIDS) but do not seem
to be predictive of other ocular complications. (B) Cytomegalovirus retini-
tis encroaching upon the optic disc in patient with AIDS.



a clinical response.51,56 These drugs are virostatic, and mainte-
nance therapy is required. If ganciclovir alone fails to control the
retinitis, the addition of foscarnet may control the disease.51 The
use of ganciclovir and foscarnet together decreases the incidence
of reactivation. For severe infections or for patients who cannot
tolerate systemic medication, intravitreal ganciclovir (1mg in
0.1ml) or placement of sustained-release ganciclovir implants
may be tried in conjunction with oral valganciclovir.10,28 Other
opportunistic infections may occur in AIDS patients and may
be difficult to differentiate from CMV retinitis. Both herpes
simplex and herpes zoster may produce a retinitis in immuno-
compromised patients.36 If the patient has AIDS, HAART (highly
active anti-retroviral therapy) may help cause resolution of 
the CMV retinitis, but a secondary iridocyclitis may develop
(immune reconstitution uveitis). This iridocyclitis is responsive
to topical corticosteroids.

OPHTHALMOMYIASIS AND DIFFUSE
UNILATERAL SUBACUTE NEURORETINITIS

The term ophthalmomyiasis applies to cases of ocular infesta-
tion with the larval forms of flies. The larval forms may be trans-
mitted by adult flies through bites or by touching the ocular area
with hands contaminated with larvae.57

Characteristically, ocular findings consist of subretinal
tracks with or without an encysted or moving organism within
the subretinal space (Fig. 11-10A). The amount of inflammatory
response is variable. Patients may complain of photopsias. Loss
of vision may occur if the macula or optic nerve is involved.

Treatment of affected patients depends on the amount of
inflammation present and whether the organism can be local-
ized. Severe inflammatory reactions should be treated with peri-
ocular or oral corticosteroids. If the organism can be localized,
photocoagulation of the organism has been recommended.44

Organisms may also be removed with vitrectomy.
Diffuse unilateral subacute neuroretinitis (DUSN) is caused

by ocular infestation with nematode larvae other than Toxocara
canis.15 These larvae are not found within granulomatous
masses, as are T. canis organisms, but may be seen moving
through the subretinal space. Patients typically present with
scotomata and/or visual blurring. Diffuse patchy pigment
epithelial atrophy and/or deep gray-white retinal lesions may be
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FIGURE 11-10A,B. (A) Young patient with ophthalmomyiasis who pre-
sented with complaints of flashing lights in this eye. Note the numerous
tracks made by the motile nematode. (Courtesy of Dr. W. Johnson.) (B)
Note the pale optic disc, narrowed vessels, peripapillary scarring, and
diffuse pigmentary abnormality in this photograph of an eye with the late
stage of diffuse unilateral subacute neuroretinitis (DUSN).



seen. Optic nerve swelling is common, and visual field loss may
be severe. In the late stages, optic atrophy, pigmentary retinal
changes, and narrowing of the retinal vessels may be seen (Fig.
11-10B). Motile organisms may be seen at any stage of the
disease. Toxocara ELISA titers are typically low. Electroretino-
gram (ERG) abnormalities are present in all stages of the disease,
with the b-wave being affected more than the a-wave. Many
entities are in the differential diagnosis of DUSN, depending on
the stage of the disease. Early in the course, DUSN may mimic
various “white-dot” syndromes or presumed ocular histoplas-
mosis syndrome (POHS) whereas late in the course it may
mimic retinitis pigmentosa. It should be remembered that
DUSN occurs most often in children and young adults who are
otherwise healthy. This condition is almost always unilateral.
A case of living nematodes in both eyes was referred to as diffuse
bilateral subacute neuroretinitis.11

Treatment is similar to that for ophthalmomyiasis. Laser
photocoagulation of the organism is the definitive treatment.

PRESUMED OCULAR 
HISTOPLASMOSIS SYNDROME

The presumed ocular histoplasmosis syndrome (POHS) is char-
acterized by peripheral “punched-out” chorioretinal scars, pe
ripapillary scarring, disciform macular scarring, and a lack of
inflammation (Fig. 11-11A). The disease is thought to be related
to infection with Histoplasma capsulatum, a fungus that is a
common soil contaminant in the Mississippi and Ohio river
valleys of the United States. Initial infection with the organism
occurs by respiratory contact and may result in a mild upper res-
piratory syndrome but is more commonly asymptomatic. An
active choroiditis may occur at this early stage. In immuno-
competent individuals, the syndrome (including ocular lesions)
resolves spontaneously, resulting in multifocal areas of chori-
oretinal scarring. The disease is most commonly recognized 
in adults but may be seen in older children. Many patients are
asymptomatic and the syndrome is recognized by noting the
multifocal chorioretinal scars during routine ophthalmoscopy.
However, choroidal neovascular membranes may occur adjacent
to these scars, and these may cause hemorrhage and serous
detachment of the retina (Fig. 11-11B,C). If this occurs in the
macular area, visual acuity can be seriously affected. If left
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FIGURE 11-11A–C. (A) Peripapillary atrophic changes and peripheral pig-
mented “punched-out” chorioretinal lesions without uveitis are the most
common manifestations of the presumed ocular histoplasmosis syn-
drome (POHS). Photograph (B) and angiographic view. (C) show a peri-
foveal neovascular membrane secondary to POHS.



untreated, these lesions may progress to disciform scarring,
although some resolve spontaneously with maintenance of good
visual acuity. Submacular surgery to remove peripapillary and
subfoveal choroidal neovascular membranes is sometimes used.
Ablation of these neovascular membranes with argon laser has
been shown to reduce the risk of severe visual loss in some
patients.39 Photodynamic therapy is helpful in cases of subfoveal
or juxtafoveal neurovascular memory.

SYMPATHETIC OPHTHALMIA

Sympathetic ophthalmia is an uncommon but potentially dev-
astating ocular disease of unknown etiology. It is a bilateral gran-
ulomatous uveitis that occurs after penetrating trauma or, less
commonly, after intraocular surgery. The disease is thought to
represent an autoimmune response to an unidentified antigen.
The inflammatory response occurs not only in the traumatized
eye (exciting eye) but also in the fellow eye (sympathizing eye).
The disease is more common in males. Children and young
adults are most commonly affected, probably reflecting the
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higher incidence of trauma in these age groups. Sympathetic
ophthalmia is uncommon (�1% of trauma cases and �0.05% of
surgical cases).26 The incidence of sympathetic ophthalmia has
apparently decreased over time, possibly because of advances in
surgical technique.

The clinical course of sympathetic ophthalmia is variable.
The onset may occur days or many years after the initial injury.
Typically, there is a mild inflammatory response in the sympa-
thizing eye with a worsening of inflammation in the exciting
eye.43 The anterior chamber inflammation may be intense, with
formation of keratic precipitates. Anterior chamber inflamma-
tion is accompanied by injection, pain, and photophobia. Vitri-
tis and retinal changes typically follow. Yellow-white peripheral
choroidal lesions are known as Dalen–Fuchs nodules, which 
are classic but not pathognomonic of the disease. Optic disc
swelling is often seen (Fig. 11-12A). Pathologically, there is
diffuse infiltration of the choroid with lymphocytes, epithelioid
cells, and scattered giant cells (Fig. 11-12B). Dalen–Fuchs
nodules represent focal accumulations of inflammatory cells
beneath the RPE. The choriocapillaris is classically not involved
in the inflammation.

The diagnosis of sympathetic ophthalmia is made clinically.
Ultrasound demonstrates a thickened choroid. There are no lab-
oratory tests that aid in the diagnosis. Fluorescein angiography
shows multiple enlarging hyperfluorescent spots at the level of
the RPE. Indocyanine green shows hypofluorescence.7a

Untreated, the disease tends to run a chronic destructive
course. Before the the use of corticosteroids, less than 50% of
patients retained any useful vision. The prognosis has improved
with corticosteroid treatment, although many patients require
long-term steroid treatment and the disease tends to recur when
steroids are withdrawn.27 Enucleation of the injured eye before
the development of inflammation in the fellow eye may prevent
sympathetic ophthalmia. If an eye has no useful vision and is
traumatically disorganized, it should probably be enucleated
within 2 weeks of the injury to minimize the likelihood of sen-
sitization to the antigen to which the inflammatory response
occurs. It is unknown whether enucleation of the injured eye is
beneficial after inflammation has begun in the sympathizing
eye. Large doses of systemic corticosteroids are advisable in
treating sympathetic ophthalmia in most cases. These doses
may be necessary for many weeks. Once the inflammation has
been controlled, one should attempt to taper the steroids slowly,
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FIGURE 11-12A,B. (A) Fundus appearance of the sympathizing eye in a
patient with sympathetic ophthalmia. Both anterior and posterior uveitis
were present, as were optic disc edema and choriodal infiltrates. There was
a history of penetrating trauma to the other eye. (B) Histological section
demonstrates marked granulomatous inflammation of the choroid in a
patient with sympathetic ophthalmia.



eventually using an alternate-day regimen with the lowest pos-
sible dose. Cyclosporine, methotrexate and alkylating agents
such as chlorambucil are alternatives to steroids in refractory
cases or in patients unable to tolerate corticosteroids.7a,43

VOGT–KOYANAGI–HARADA SYNDROME

The Vogt–Koyanagi–Harada syndrome (VKH) is a multisystem
disorder with a predilection for darkly pigmented individuals
and those of Asian ancestry. In the United States, it is most
common in patients with Native American heritage. VKH
occurs most commonly in the second to fifth decades of life. The
disease has been termed the uveomeningitic syndrome because
it classically presents with uveitis and a meningeal prodrome
with headache, fever, neck stiffness, and CSF pleocytosis.
Vitiligo, poliosis, alopecia, tinnitus, and neurosensory hearing
loss may occur later in the course of the disease.

Ocular involvement usually begins as a posterior uveitis.
Optic disc swelling and retinal edema occur early and, as the
disease evolves, exudative retinal detachment may occur 
(Fig. 11-13A,B). Additional complications include cataract, 
glaucoma, choroidal neovascular membrane, and subretinal
fibrosis.22,45

Fluorescein angiography will show characteristic leakage of
fluorescein from the choroid (and not from the retinal vessels)
at this stage. An anterior uveitis with keratic precipitates and
iris nodules usually occurs later. Pathologically, there is inva-
sion of the choroid with inflammatory cells similar to that 
seen in sympathetic ophthalmia. In contrast to sympathetic 
ophthalmia where the choriocapillaris is usually spared, the
choriocapillaris is often involved in the inflammatory response
in VKH.

The etiology of VKH is unknown. T-lymphocyte-mediated
autoimmunity probably plays a role. The HLA-DR4 antigen is
associated with VKH in Native American, Italian, Japanese,
Chinese, and Hispanic patients.40

Corticosteroids are the drugs of choice in the treatment of
VKH. High-dose oral or intravenous steroids may be necessary
for severe cases with exudative retinal detachment. As a thera-
peutic response is obtained, the steroid dose may be tapered. The
response to therapy is variable, and inflammation may recur
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FIGURE 11-13A,B. Bilateral exudative retinal detachments in patient
with Vogt–Koyanagi–Harada syndrome.

after steroids are stopped. Cyclosporine may be used in refrac-
tory cases or in patients who do not tolerate corticosteroids.
Table 11-3 compares the clinical features of sympathetic oph-
thalmia and VKH syndrome. 



VITAMIN A DEFICIENCY

Depletion of tissue stores of vitamin A leads to an ocular syn-
drome characterized by night blindness and xerophthalmia.
Vitamin A is a fat-soluble vitamin found in meat, eggs, and milk.
Carotenes can be metabolized to vitamin A in humans, and thus
yellow fruits and green leafy vegetables are also important
sources of Vitamin A. Hypovitaminosis A is an important
problem in Third World countries. It is uncommon in the United
States but can occur in malnourished patients, those with mal-
absorption disorders, and patients on abnormal diets.

Nyctalopia (night blindness) is the earliest and most
common manifestation of vitamin A deficiency. In untreated
cases, the conjunctiva becomes dry (xerosis) and Bitot’s spots
(plaques of keratinizing debris at the limbus) appear (Fig. 11-14).
Corneal drying occurs and may progress to ulceration with
resultant blindness. Fundus changes consisting of peripheral
yellow-white dots may occur, but this is uncommon.

The diagnosis is usually made clinically. Dark adaptation is
characteristically prolonged. Serum vitamin A levels may be
abnormal, but this is a late occurrence because serum levels may
be normal in the face of severe tissue depletion of the vitamin.
Treatment of the condition is systemic replacement of vitamin
A. The prognosis for vision depends on the state of the ocular
tissues at the time therapy is instituted. Healing of corneal and
conjunctival lesions will occur, but in cases where perforation
has occurred, vision may not be restored. Artificial tears, topical
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TABLE 11-3. Comparison of Sympathetic Ophthalmia and
Vogt–Koyanagi–Harada Syndrome.

Sympathetic Vogt–Koyanagi–Harada 
ophthalmia syndrome

Age All ages 20–50 years
Racial predisposition None Asian and black
Penetrating trauma Always present Usually absent
Skin changes Uncommon Common (63%–90%)
Central nervous Uncommon Common (84%)

system findings
Hearing dysfunction Uncommon Common (75%)
Choriocapillaris Usually spared Frequently involved

involvement

Source: Power WJ, Foster CS. Update on Sympathetic Ophthalmia. Int Ophthalmol Clin
1995;35:127–137, with permission.43



antibiotics, and topical retinoic acid may be of some adjunctive
use in therapy.52 Bitot’s spots do not respond to systemic therapy
and may require excision.

SIDEROSIS AND CHALCOSIS (RETAINED
METALLIC FOREIGN BODIES)

Intraocular foreign bodies containing iron or copper may not
cause an immediate severe inflammatory reaction and may not
be recognized by the patient or a physician at the time of initial
trauma. However, their presence may lead to severe conse-
quences at a later time.

Siderosis is produced by oxidation of iron to ferrous (Fe2�)
ions with absorption of these toxic ions by various ocular
tissues. Iron may accumulate in the iris causing heterochromia
and pupillary sphincter palsy. Rust spots may appear on the lens,
and a cataract may form (Fig. 11-15A,B). Glaucoma may result
from accumulation of iron in the trabecular meshwork. Retinal
toxicity results in ERG changes beginning with an increase in
the height of the a-wave followed by a decrease in the height of
both the a-wave and the b-wave. The ERG may eventually
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FIGURE 11-14. Bitot’s spot in a patient with vitamin A deficiency. These
whitish, poorly wetting patches are seen early in the course of the disease.
Progression to severe xerosis may occur in untreated cases.
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become flat (Fig. 11-15C). Even at this point, removal of the
foreign body may be indicated as useful vision may remain.

Pure copper is extremely toxic to the eye, and a pure copper
intraocular foreign body may cause an acute suppurative
endophthalmitis. Foreign bodies containing small amounts of
copper typically will not cause such an acute inflammatory
response. However, copper ions may, over time, be disseminated
throughout the eye, leading to a syndrome known as chalcosis.
Copper ions have an affinity for basement membranes. Deposits
of copper in the lens capsule may lead to a “sunflower” cataract.
Deposits in Descemet’s membrane lead to the formation of the
characteristic Kayser–Fleischer ring, a golden-colored corneal
ring at the limbus. There may be iris heterochromia with a
greenish tint to the iris in the involved eye. Retinal toxicity is
much less severe than that seen in siderosis. A small decrease
in the height of the b-wave may be seen. Macular pigmentary
changes have been described. Visual loss may result from
cataract formation or vitreous changes.49 The decision as to
whether a copper-containing foreign body should be removed in
patients with chalcosis should be individualized.

All patients with a history consistent with the possibility of
an intraocular foreign body should have appropriate radiologic
studies at the time of their presentation.

ACUTE POSTERIOR MULTIFOCAL
PLACOID PIGMENT EPITHELIOPATHY

In 1968, Gass described a syndrome of temporary loss of vision
associated with large plaquelike lesions at the level of the retinal
pigment epithelium and termed this disorder acute posterior
multifocal placoid pigment epitheliopathy (APMPPE). This dis-
order is typically bilateral but may not affect both eyes at the
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FIGURE 11-15A–C. (A) “Rust spots” beneath the anterior capsule of the
lens are a typical feature of siderosis in a patient with a retained iron-
containing foreign body. (B) Retained metallic foreign body seen in the
same patient. Note the hazy vitreous and pigmentary retinal abnormali-
ties. (C) Electroretinogram (ERG) shows somewhat selective loss of the
b-wave amplitude in the right eye (top tracing) in a patient with a metal
foreign body and signs of siderosis.



same time. Patients are typically less than 30 years of age. Flash-
ing lights commonly precede the onset of visual acuity loss.
Mild vitreous inflammation is common; there may also be mild
anterior chamber inflammation. A history of preexisting viral
upper respiratory infection is commonly reported.

The characteristic lesions of APMPPE are cream-colored
plaques at the level of the retinal pigment epithelium that tend
to be oval or round with irregular edges. There are usually mul-
tiple lesions randomly distributed over the posterior pole. The
presenting visual acuity is usually 20/200 or better. Central and
pericentral scotomata are common. Fluorescein angiography and
indocyanine green angiography (ICG) may be helpful in making
the diagnosis. The cream-colored lesions seen on fundus exam-
ination tend to block fluorescence early in the angiogram and
stain late. Usually, over a period of a few weeks, the lesions
begin to resolve and the vision begins to improve. In most
patients, the vision returns to near-normal levels. The disease
has been reported to recur, but this is uncommon.

Acute posterior multifocal placoid pigment epitheliopathy
may occur as a consequence of a prior viral infection. A 40-year-
old man developed APMPPE following an acute group A strep-
tococcal infection.25 Other causes probably exist. The lesions
appear to be related to acute focal decreases in choroidal blood
flow.58 Most cases resolve without treatment over a period of
several weeks. The role of corticosteroids in treatment is 
controversial.
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Myopia
Arlene V. Drack

The term myopia refers to a spectrum of ocular disorders in
which the far point of the eye is closer to the retina than

infinity. The resultant disparity between good vision at “near”
(i.e., at a distance from the eye that is at or within the far point
plane) and “distance” (any point beyond the far point plane for
that particular eye) may be caused by a number of factors.
Because most cases of myopia have a benign etiology and course,
the importance of this disorder as a predisposing factor for
serious retinal pathology is often overlooked.

INCIDENCE AND PREVALENCE

The prevalence of myopia varies greatly between different pop-
ulations and different ethnic groups. In the United States and
western Europe, the prevalence is approximately 25% of the
population, but only about 2% of the population has myopia of
greater than or equal to 5 diopters.7 In a Danish study the preva-
lence of any myopia in 13- and 14-year-olds was 9.5%, whereas
the prevalence of high myopia (	6.00 diopters or more) was
0.45%.15,19 In Asia, the prevalence of myopia is much higher, 
in some studies up to 75% of the population. In a study done in
Hong Kong, the prevalence in kindergarten pupils was 3.3%, in
primary school students 36.1%, and among university students
91.7%.30 The greatest rate of progression of myopia occurred
between the ages of 6 and 10 years, at a younger age than most
European studies.29 In mainland China the prevalence was found
to be 39% and in Japan it was 55%. The prevalence appears to
be increasing over time in Hong Kong and some other Asian
countries, as opposed to Denmark and Norway, where a stable
percentage of medical school students (50%) were found to have
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myopia over time.13 As can be surmised from these prevalence
data, the incidence of myopia increases with increasing age. A
study from the United Kingdom that analyzed refractive data
from patients examined annually between the ages of 7 and 13
years found annual myopia incidence values of 3.5% to 12%,
resulting in a rise in prevalence from 5% to 40% over the 6 years
of the study.47

In a 1975 study, it was estimated that 5.6% of blindness in
school children in the United States was secondary to myopia.21

Myopia is second only to diabetes mellitis as the most common
cause of blindness in the working-age population.7,67 Lower
grades of myopia, although not sight threatening, are a cause of
significant morbidity.

ETIOLOGY

Myopia can be classified into three broad groups based on clin-
ical findings and prognosis.7 The first type is physiological, or
correlation, myopia. In these eyes all the components of refrac-
tion are within normal limits, but there is a lack of correlation
between the refractive powers of the cornea, lens, and axial
length, rendering the far point nearer than infinity. Although
decreased distance vision results, these eyes are otherwise
normal and there are no fundus abnormalities. The degree of
myopia is usually low, but there is no “magic number” because
a borderline steep cornea, a lens at the upper limit of normal,
and an axial length also in the upper normal range, would be
expected to yield high amounts of myopia in some cases. This
form of myopia generally begins in childhood or adolescence,
with a second peak of onset at the end of the second decade or
beginning of the third. It usually progresses for several years,
then becomes stable or increases very slowly. Some myopes
experience another myopic shift in young adulthood.68

The second type is intermediate myopia.7 This form of
myopia appears to be very similar to physiological myopia,
although the age of onset may be slightly younger and the final
amount of myopia tends to be higher. The main difference is
that in these eyes  the components of refraction do not fall all
of within the normal range; the axial length is notably longer.
Over time, fundus changes appear, often beginning in childhood.
These eyes are at increased risk of developing open-angle glau-
coma, retinal detachment, early cataract, and other disorders.
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The third major type, and the most devastating, is patho-
logical myopia. In this form, a highly myopic refractive error is
often present from early childhood and is usually progressive.7

Increased axial length and fundus changes are evident at the ear-
liest examination. Prognosis is poor, with legal blindness result-
ing from maculopathy or retinal detachment in almost 50% of
eyes.8

High myopia is a term that generally refers to myopia greater
than 6 diopters (D). Clinically, eyes may fit into either the inter-
mediate or pathological category because the cause is usually at
least partly axial.

The average progression in eyes with physiological or inter-
mediate myopia in childhood is about 	0.50 diopters per
year.23,29,44,54 Factors associated with increased risk for progres-
sion to high degrees of myopia include fundus changes, intraoc-
ular pressure greater than 16 mm Hg, and myopia greater than
	3.00 diopters by 11 years of age.23 A study of children in Hong
Kong found that at age 6 and 7 years, children with at least one
myopic parent tended to have higher intraocular pressures than
children with two non-myopic parents.11 A large study of school
children in the United States found that the best predictor of
juvenile-onset myopia was a cycloplegic refractive error of less
than �0.75 diopters of hyperopia in the third grade (usually 8
years of age).74 Parental history of myopia also plays a role.73

There is evidence from both animal and human studies that
accommodation plays a role in the development of myopia.5,51

European and North American studies have repeatedly demon-
strated a higher prevalence of myopia in persons with more years
of schooling; however, an Asian study failed to find a correla-
tion between type of academic activity and myopia in children.16

A study done in Newfoundland found that near work and years
of education were aspects of a common familial environment
that could inflate resemblances of refraction among family
members thought to be caused by genetics.4

A dramatic increase in the prevalence of myopia in Alaskan
Eskimos was noted when compulsory education became manda-
tory, suggesting that near work was a factor.69 However, other
influences, such as artificial lighting and diet changes, could also
be influential.

Use of a night light in infants’ bedrooms was found to corre-
late with development of myopia in one study; however, these
data were collected by survey and parental refractive error was
not ascertained.50 A study of infant monkeys reared in continu-

chapter 12: myopia 389



ous ambient lighting,58 as well as human studies in the United
States20,75 and Asia,56 failed to find a correlation in other patient
populations but did find that myopic parents were more likely
to use a night light, suggesting a possible heritability bias.

Although isolated myopia is the most common, it is impor-
tant to remember that there are other etiologies of myopia that
are less benign. Myopia may be secondary to congenital glau-
coma, or systemic or ocular syndromes, as is discussed later in
this chapter. Most myopia is axial, but other types of “compo-
nent” myopia should always be considered, such as conditions
that cause steep corneas (e.g., keratoconus, microcornea, per-
sistent hyperplastic primary vitreous), or round or misshapen
lenses (e.g., microspherophakia, ectopia lentis, posterior lenti-
conus). Conditions that cause deprivation in infancy may also
cause myopia, such as complete congenital ptosis or dense vit-
reous hemorrhage. In animals such as chicks, tree shrews, and
monkeys, deprivation by eyelid suture or occluder contact lens
induces axial myopia.52

Ciliary spasm and night myopia may coexist with other
forms. Ciliary or accommodative spasm may be caused by
trauma, central nervous system abnormalities, or psychological
issues. Variable esotropia and miosis are usually present. Night
myopia is a small myopic shift caused by accommodation that
occurs in dim illumination and may neccessitate extra correc-
tion for driving. People who have had refractive surgery may also
experience decreased night vision; however, this type may be
related to larger pupil size, allowing more peripheral, less-
corrected cornea to defocus the image.

CLINICAL FEATURES

Vitreous
Vitreous syneresis occurs at a younger age in myopic eyes than
emmetropic eyes. The protein, hyaluronic acid, and collagen con-
centrations are different,6 and posterior vitreous detachment may
occur up to 20 years earlier than in emmetropic eyes.14 Because
onset of liquefaction is related to both the age of the patient and
the degree of myopia, it may be present in childhood if the amount
of myopia is very high. Examination of the vitreous with the slit
lamp, 90 D lens, or direct ophthalmoscope reveals linear fila-
ments with nodules or thickenings. In early liquefaction, there
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are pockets of fluid within the vitreous gel; later, the fluid portion
moves posteriorly, pushing the filaments anteriorly. If there is a
posterior vitreous detachment a white ring (Vogt’s) corresponding
to the vitreous condensation around the disc may be seen float-
ing in the fluid. Patients perceive these filaments as “floaters”;
on occasion dense floating particles may obscure vision.

Several systemic syndromes with vitreoretinopathies have
pathognomonic vitreous abnormalities that are different than
syneresis (see Chapter 6). The vitreous veils in an otherwise opti-
cally empty media seen in these disorders should not be con-
fused with the liquefaction and filaments of isolated myopia.

Fundus
In eyes with physiological (correlation) myopia, the fundus
examination is normal. There may be a tiny crescent of 1/10
diameter of the optic disc.7 The cardinal fundus findings in inter-
mediate myopia (Fig. 12-1A–C) are optic nerve crescent forma-
tion, tessellation, and “supertraction.”7 The crescent is usually
temporal to the disc and may be white, pigmented, or both7, and
increases in size as myopia progresses.42 “Supertraction” appears
as a rim of heaped choroid and retina slightly overhanging the
disc nasally; this may occur with real or apparent tilting of the
disc. Because of thinning of the retinal pigment epithelium (RPE)
with axial elongation, a tigroid appearance of the fundus may be
present; this is most marked in the posterior pole and is referred
to as tessellation. It may not be apparent in lightly pigmented
individuals. Eyes with crescents, by definition, cannot be con-
sidered to have physiological myopia.7 Although the risk of other
ocular disorders is higher in these eyes than in normals, most
retain good vision throughout life with optical correction.

Peripheral retinal changes such as white without pressure,
lattice degeneration (Fig. 12-2), and pavingstone degeneration
are found with increased frequency and at a younger age in
patients with intermediate and pathological myopia.7,24 Retinal
holes or tears may be associated with lattice, and this may
explain the increased risk of retinal detachment in myopic eyes.

Pathological myopia is an entity distinct from the physio-
logical and intermediate types already described; it is actually a
progressive retinal dystrophy with a relatively poor prognosis for
retention of good vision throughout life. The earliest signs occur
in infancy or childhood, with a variable amount of myopia asso-
ciated with a localized area of RPE attenuation (tessellation) in
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FIGURE 12-1A–C. (A) Left fundus of a 13-year-old girl. The spherical
equivalent is 	14.00 D. Note that the scleral cresent is most prominent
in a somewhat atypical inferonasal location. Tessellation of the posterior
pole and a decreased foveal reflex are also present. There is a Bergmeis-
ter’s papilla on the disc. (B) Right fundus of the same patient, with a spher-
ical equivalent 	8.00 D. Note the correlation of the size of the crescent
with the refraction. (C) Myopic disc demonstrates a crescent on one side,
with “supertraction” on the other. The small black dot seen on the disc
is an artifact caused by visualization of the “Allen dot” of the fundus
camera that occurs when a highly myopic eye is photographed.

FIGURE 12-2. Typical peripheral lattice degeneration may demonstrate
linear white lesions as well as hyperpigmentation. Atrophic holes or flap
tears may be associated with lattice.

the posterior pole and an optic nerve crescent. The crescent and
tessellation are usually seen on the same side of the nerve.
Although these findings in an adult are often secondary to inter-
mediate myopia, in a child they are often the harbinger of a
staphyloma, an area of ectasia with thinning of the retina,
choroid, and sclera. As pathological myopia progresses, the tes-
sellated area becomes thinned, and eventually excavated (Fig.
12-3). There may be pigment clumping around the edges or
within the otherwise hypopigmented area of the staphyloma.

Many types of staphylomas have been described, depending
on their location. The most visually significant are those affect-
ing the macula. The presence of a staphyloma is a poor prog-



nostic sign. Most of these eyes have best corrected acuities of
less than 20/20 early in life and continued loss of vision with
increasing age. Almost 50% of eyes with staphylomas are legally
blind by the fifth decade of life.8 “Lacquer cracks” (Fig. 12-4A,B)
may develop in or near the macula. These linear, whitish lesions
represent breaks in Bruch’s membrane. In one study, 4.3% of
eyes with an axial length greater than or equal to 26.5 mm exhib-
ited lacquer cracks; the youngest patients seen to have this
abnormality were in their late teens.9 Lacquer cracks themselves
usually do not affect acuity; however, they are a poor prognos-
tic sign for the retention of good vision and may be associated
with an acquired blue-yellow color deficit.27 Focal retinal degen-
eration, hemorrhages, and subretinal neovascular membranes
associated with the lacquer cracks are probably responsible for
the poor prognosis.

Retinal hemorrhages, particularly in the macula, are not
uncommon in pathological myopia and are of two main types. In
the first, an acute hemorrhage occurs, unrelated to a subretinal
net, causing a severe reduction in acuity but resolving over weeks
with vision returning to its previous level. These spontaneous
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FIGURE 12-3. A peripapillary staphyloma. Note the choroidal vessels
diving into the excavation of the staphyloma. The ectasia may occur
around the nerve, nasal to the disc, or temporal to the disc. It may also
involve the macula, and, because it may increase over time, the progno-
sis for central vision is poor.



bleeds may recur and may be idiopathic, or related to Valsalva
maneuvers, weight lifting, or other activities. The second type of
hemorrhage has a much more grave prognosis. These are hemor-
rhages associated with subretinal neovascular membranes that
lead to scarring and chorioretinal clumping called Fuch’s spots
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FIGURE 12-4A,B. (A) Lacquer crack between the nerve and macula in a
highly myopic eye. (B) Close-up of the lesion seen in (A). Note Fuch’s spot
near the macula.



(Fig. 12-5); this may be followed by atrophy. Visual loss is severe
and may be irreversible in these cases.63

Large and small areas of chorioretinal atrophy are seen in
some eyes (Fig. 12-6). These areas may coalesce as patients
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FIGURE 12-5. Multiple Fuch’s spots in the macula with a recent hem-
orrhage as well. The prognosis for good vision in this eye is very poor.
(Courtesy of G.F. Judisch, Iowa City, IA.)

FIGURE 12-6. Geographic atrophy around the optic nerve and in the pos-
terior pole.



become older resulting in large areas of atrophy with somewhat
scalloped edges. Even in eyes without macular hemorrhage, the
macula may show hyperpigmentation and pigment mottling
that is already apparent in childhood.7

In later life, eyes with pathological myopia may show
marked thinning of all layers of the eye, especially in areas 
of staphyloma. The choroid in particular becomes thin and 
sclerotic.

CLINICAL ASSESSMENT

It is of the utmost importance to do a cycloplegic refraction as
part of the evaluation of myopia, certainly in all children, and
even in adult myopes. Many patients have been over-minussed
over years of manifest refractions. Children can accommodate
up to 15 diopters with ease, but by the age of 40 years, only about
3 diopters can be easily performed. Overcorrection in adulthood
may cause asthenopia and even accommodative esotropia or the
breakdown of esophorias because of greater difficulty in accom-
modating over the extra minus with advancing age.37

In older children and adults, a cycloplegic subjective refrac-
tion can be done, with or without the duochrome test; 1%
cyclopentolate hydrochloride should be used. In younger chil-
dren, the results of cycloplegic retinoscopy should be prescribed.
On subsequent visits, cycloplegic retinoscopy while the child is
wearing the glasses can be done to refine the prescription and
eliminate vertex distance errors. In patients of all ages with mod-
erate to high levels of myopia, refraction over the patient’s exist-
ing glasses may give a more accurate final prescription than
using a phoropter or trial frames. Because accommodation may
play a role in the development of myopia, at the very least,
myopic patients should not be “over-minussed” as this induces
extra accommodative effort at all distances.

A careful family history should be taken with special
emphasis on presence or absence of early-onset refractive errors,
retinal detachment, hyperextensibility, cleft palate or bifid
uvula, arthritis, best corrected vision below the level necessary
to obtain a driver’s license, or ectopia lentis. Answers to these
questions may point to a more serious ocular or systemic syn-
drome than isolated simple myopia.

It is important to remember the natural history of physio-
logical myopia when evaluating a new patient. Children are
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rarely highly myopic before the age of 9 years (although there is
evidence that Asian children may develop higher degrees of
myopia at younger ages than other ethnic groups). High myopia
in children younger than this should prompt a detailed review
of systems, birth history asking specifically about prematurity,
retinopathy of prematurity either treated or untreated, or other
risk factors, and a systemic evaluation for associated syndromes.
Intraocular pressure should always be measured at least once,
because myopia in infancy can be a presenting sign of congeni-
tal glaucoma. Hearing testing should be done in young children
presenting with myopia, because several syndromes have deaf-
ness as a feature.

SYSTEMIC ASSOCIATIONS

In addition to the types of myopia listed earlier, which are
usually isolated, there are special subsets of myopia that fit
imperfectly into one of the groups. Unilateral high myopia with
increased axial length may occur as a part of a hemihypertrophy
syndrome, with myelinated nerve fibers, or as an isolated
finding. Myopia related to retinopathy of prematurity (ROP) may
be caused by an abnormally spherical lens, increased axial
length, or both. Premature infants who develop ROP have a
much higher risk of developing myopia than those who did not
have ROP, in both Asian and western populations.60 The preva-
lence has been found to increase between 3 and 12 months of
age on cycloplegic refraction but to remain stable thereafter.49 A
higher prevalence of eyes with more than 	8.00 diopters of
myopia was found in those treated with cryotherapy versus
those who were not treated. Whether this is attributable to the
cryotherapy itself or to the opportunity to measure refraction in
eyes that otherwise would have developed retinal detachments
because of worse, more myopiogenic ROP is unknown.49

Myopia may be the presenting sign of several systemic syn-
dromes. Stickler’s syndrome, a defect in collagen synthesis
caused by mutations in the COL2A1 gene (type 1)1 and
COL11A1 gene (type 2),53 may present with nystagmus in early
childhood as a result of defocus severe enough to cause depri-
vation, at times in the 	15.00 to 	20.00 diopter range. In
patients with lower degrees of myopia, presentation may be
later, when it is noted that the child holds near objects exces-
sively close. Other associated features are early-onset arthritis,
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hearing loss, flat midface, and cleft palate or bifid uvula. The 
vitreous is optically empty, with broad veils visible on indirect
ophthalmoscopy. It is autosomal dominant.

Kneist dysplasia and spondyloepiphyseal dysplasia (SED)
congenita are more severe autosomal dominant manifestations
of Col2A1 mutations.66 Some forms are lethal in the neonatal
period. Kneist dysplasia patients resemble Stickler patients, but
in addition suffer from dwarfism and scoliosis. Patients with
SED congenita have dwarfism with barrel chests, hearing loss,
joint disease, and high myopia with a predisposition to retinal
detachment. Knobloch syndrome is autosomal recessive and
may be associated with an unusual posterior scalp lesion that
can overlay an occipital encephalocele. It has been mapped to
chromosome 21q22.3.57 Myopia is also more prevalent in certain
ocular disorders such as retinitis pigmentosa, congenital sta-
tionary night blindness, Aland eye disease, and gyrate atrophy.

INHERITANCE

The inheritance of myopia is complex, probably because there
are many “myopias” with different etiologies. Autosomal dom-
inant, recessive, and sporadic cases of isolated myopia have been
reported.7,33,59 Many pedigrees give the appearance of a complex
trait, that is, the frequency is increased within a family relative
to the general population, but the inheritance does not follow
simple Mendelian laws; this may occur when more than one
gene is involved, and/or when there are environmental factors
necessary for the expression of the trait.

Some studies have demonstrated that children who have
two myopic parents are more likely to become myopic than
those with only one, or neither.38 Axial length is longer in chil-
dren of myopic parents, even before they develop myopia.72 In a
study of children 6 to 12 years old, the rates of myopia were
12.2% of the children with two myopic parents, 8.2% of those
with one myopic parent, and 2.7% of those without myopic
parents.72 Another study found that children with two myopic
parents were 6.42 times more likely to become myopic than
children without myopic parents.43 Such studies support the idea
that a predisposition is inherited. A similar study done in Hong
Kong did not find a correlation with parental myopia, however.12

Even a U.S. study that sought to find a strong predictor of juve-
nile myopia found that neither refraction at school entry, refrac-
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tion in infancy, nor parental myopia had both high sensitivity
and specificity.38 The genetic contribution may be difficult to
elucidate because environmental factors, such as nearwork and
accommodation, may also play a role and may be similar in
members of the same family.4,73 In addition, it is likely that
several different genes for corneal shape, axial length, lens shape,
and perhaps eye growth are inherited from each parent, making
inheritance of even emmetropia complex to understand. Sorsby
found that in refractively normal families there is a mild corre-
lation (0.30) between the midparent refraction (average of the
two parents’ refractions) and that of offspring.59 A reevaluation
of Goldschmidt’s data by Guggenheim et al.19 found a much
higher correlation (0.65) for the midparent/offspring refractions
in children with high myopia than in those with refraction near
emmetropia, which may suggest autosomal dominant trans-
mission in some cases. Sorsby also found that the concordance
in refraction between monozygotic twins was high, 0.71, but not
perfect.

Some pedigrees have been reported that appear to represent
autosomal dominant inheritance of isolated high myopia. At
least two genetic loci have been found, demonstrating genetic
heterogeneity.70,71 Genetic heterogeneity between high and low
myopia has also been reported.46

TREATMENT AND PREVENTION

The treatment of myopia consists of managing both the visual
acuity loss and the complications that may arise. Treatment of
the blurred vision in myopia has had a long and checkered
history. Everything from physical exercise to palming the eyes
to having myopic students study in green rooms has been advo-
cated at one time or another.31,65 These trials have been uni-
formly unimpressive in improving acuity.

Prevention
Sight-saving classes, exercises, undercorrection, cycloplegic
therapy, contact lenses, pinhole glasses, and many other thera-
pies have been aimed at preventing or slowing the progression
of myopia. Surgery has been advocated to retard the progression
of staphylomas in pathological myopia. A few of these therapies
deserve mention.
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There is evidence from several studies that atropinization
during childhood slows or prevents an increase in myopia5,25;
however the effects may not be long lasting.55 One study that
standardized final refractions of atropine and control groups at
20 years of age did find a long-term benefit, with those in the
atropine group having a mean refraction of 	2.79 diopters
whereas those in the control group averaged 	3.78.26 The long-
term effects of chronic dilation, including the effect of increased
ultraviolet exposure, are not known. Also, the need for bifocals
to read during atropine therapy is inconvenient, and patient and
parent acceptance is often a problem.55 The muscarinic antago-
nist pirenzipine retards axial myopia in nonhuman primates61

and is currently being tested in clinical trials for use in human
children. The rationale for use is that, in animal studies, atropine
blocks myopia development even when the optic nerve is
severed, meaning the mechanism cannot be lack of accommo-
dation alone. Pirenzipine acts on the same receptors as atropine,
yet the mydriasis and cycloplegia are minimal, theoretically pro-
ducing the same pharmacological or transmitter effect without
the side effects.

Undercorrection and near adds have had mixed results, but
overall there is little evidence that the chance for benefit war-
rants the increased expense and effort for most myopes. One
study showed no difference in myopic progression over 3 years
between children who wore their correction full time, part time,
or not at all.41

A trial of timolol maleate eyedrops in children with physi-
ological and intermediate myopia showed that there was no sig-
nificant difference in progression of myopia between the control
and timolol groups; some children on topical timolol maleate
actually had greater increases in myopia, although axial lengths
did not increase more than the control group.23 The author con-
cluded that timolol maleate has no role in the treatment of these
children.

In patients with pathological myopia, however, timolol or
other ocular antihypertensives may be beneficial.7 Scleral rein-
forcement with various materials also has good results in some
hands, and given the poor prognosis in young patients with
increasing staphylomas, may be indicated in certain patients.7,62

Scleral shortening may be useful in cases of detachment sec-
ondary to macular hole formation.39 Activities such as weight
lifting, deep sea diving, and sports or hobbies that involve strain-
ing or raising intrathoracic pressure should be avoided.
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Patients of all ages with high myopia often read better
without their myopic correction, and some may prefer under-
correction even for distance; this is often related to minification
with high minus lenses, and contact lenses may improve the sit-
uation. Myopes reading without glasses may be bothered by
phorias or tropias causing asthenopia. Low-vision aids should 
be recommended when appropriate. Highly myopic eyes may
develop strabismus later in life, often esotropia, and surgery of
the extraocular muscles may be required.7 In addition, highly
myopic eyes may require scleral buckling procedures for retinal
detachment, and the buckles themselves may induce strabismus
which requires surgical correction. Various vitamin and dietary
regimens have been recommended, but scientific evidence of
their efficacy is lacking.

TREATMENT

In preverbal children, correction should generally be given for
myopia greater than 	6.00 diopters, or if they demonstrate
symptoms. Older children should be prescribed their full cyclo-
plegic refraction for constant wear once the uncorrected visual
acuity drops below the 20/40 range. In children, adolescents, or
patients in their late teens or early twenties who develop an
increase in myopia during periods of intense study or close work,
a case can be made for doing close work without the myopic cor-
rection, or with a near plus add.36,54 Although several studies
have failed to find significant benefit from this,18,23,44 there is a
tendency for “high-risk” children (see above) to have less pro-
gression of myopia when bifocals are worn.23 Contact lenses
offer improved quality of vision for patients with higher levels
of myopia (especially those with anisometropia); they also afford
benefits for those who participate in contact sports or other
activities in which glasses cannot be worn, and for patients who
do not want to wear glasses. The age at which contact lenses
should be considered depends on the magnitude of the refractive
error, the maturity of the child, and the wishes of the parents.
Despite reports that contact lenses halt the progression of
myopia, there is evidence that axial length continues to
increase.3 The CLAMP study (Contact Lens and Myopia Pro-
gression) will revisit whether rigid contact lenses slow myopic
progression, using a different study design that attempts to cir-
cumvent limitations of previous trials. At the start of the study,
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78.4% of eligible children were able to tolerate rigid contact lens
wear.64 Use of night-time wear contact lenses to temporarily
reshape the cornea is also being studied.

Keratorefractive surgery of various types can be performed
in an attempt to improve visual acuity without prosthetic
devices. The long-term effects of these procedures in children
with myopia is not known. Because childhood myopia is a pro-
gressive condition, one refractive surgery procedure is unlikely
to be sufficient, and reoperation carries a higher risk of compli-
cations. Several small studies have examined the role of pedi-
atric refractive surgery for unilateral high myopia with
amblyopia. This condition often results in very poor vision in
the amblyopic eye because of noncompliance with unilateral
contact lens wear or refusal to wear very asymmetrical specta-
cles. Also, this type of myopia tends to be nonprogressive. Adult
nomograms appear to provide good myopic correction in these
eyes for children 9 years and older; however, the correction may
regress over time.2,10 Corneal haze following photorefractive ker-
atectomy (PRK) may exacerbate amblyopia, and the possibility
of the corneal flap dehiscing with eye rubbing in uncooperative
children who have laser in situ keratomileusis (LASIK) could
cause serious complications. Also, in children old enough to
cooperate with topical anesthesia for the procedure, amblyopia
is already well established and best corrected visual acuity is
only modestly improved or unchanged in most patients.40 Clear
lens extraction or anterior chamber minus intraocular lenses are
also used by some practitioners to correct high myopia. Because
these eyes are already at increased risk of retinal detachment and
glaucoma and the long-term results are not known, these pro-
cedures are not usually recommended for children.

Myopic patients should have yearly examinations to screen
for the associated complications of cataracts, glaucoma, and
retinal detachment. In young children with physiological
myopia, intraocular pressure determinations are not usually
necessary unless there are signs of glaucoma. In any infant or
young child presenting with myopia, particularly under the age
of 3 or 4 years when the sclera is still very distensible, congen-
ital or developmental glaucoma must be excluded as an etiol-
ogy. Corneal diameters and clarity should be evaluated, and
intraocular pressure measurement and/or axial eye length deter-
minations should be made and followed. Sedation may be nec-
essary for some of these tests. Other causes of myopia such as
diabetes mellitis and various medications should be considered.
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The retinal complications of myopia are the most common
and are potentially sight threatening. Approximately 40% of
retinal detachments occur in myopic eyes. The risk of retinal
detachment following intracapsular cataract surgery is elevated,
especially if there is vitreous loss.22,24 According to a study by
Perkins,45 the risk of retinal detachment increases gradually
from eyes with high hyperopia, to low hyperopia, to low myopia,
and finally high myopia. Another study showed that retinal
detachment is correlated with increased equatorial diameter
rather than just with refraction or axial length.35

Children and young adults with high myopia may present
with complaints of new floaters and flashes of light. Posterior
vitreous detachment (PVD) must be looked for in these patients
with indirect ophthalmoscopy and (when possible) slit lamp bio-
microscopy. Approximately 10% to 15% of eyes with a new
PVD develop a retinal tear.24 Because tears may develop weeks
after the PVD, another retinal examination should be performed
4 to 6 weeks after a new PVD is diagnosed. Some children with
high myopia complain of bothersome floaters even in the
absence of a PVD. If the retinal and vitreous examination are
stable, reassurance is all that is required.

Symptomatic retinal tears, large horseshoe tears, and tears
in the fellow eye of an eye that has had a detachment should be
treated in children just as in adults. If the child is old enough
and is cooperative, laser treatment can be done. In younger chil-
dren general anesthesia and cryotherapy, or laser therapy with
an indirect ophthalmoscope delivery system, may be required.
In young children with vitreoretinal syndromes such as 
Stickler’s, prophylactic peripheral retinal laser treatment per-
formed under general anesthesia may be indicated. Prophylactic
peripheral laser treatment of the fellow eye should be con-
sidered, especially if one eye suffers a retinal detachment. All
highly myopic children and their parents should know the symp-
toms of retinal tears and detachments and who to call if they
occur. The risk of retinal detachment in children with physio-
logical and low grades of intermediate myopia is very low.

Myopic children or young adults with retinal detachments
should be treated with scleral buckling or vitrectomy. If encir-
cling bands are used in the repair of detachments in infants and
children, they may need to be divided or removed as the child
grows. Encircling bands may induce additional myopia. In pre-
mature infants with retinopathy of prematurity in whom large
retinal detachments occur within the first year of life, the prog-
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nosis for useful vision is poor, even in many of those with a good
anatomic result48; this may occur because the retina quickly
degenerates after detachment in very young infants.28 In uncom-
plicated myopic detachments occurring later in childhood,
however, results may be good, unless coexisting myopic macular
degeneration, sequelae from ROP, or an associated condition
such as Stickler syndrome is present.

Subretinal neovascular membranes may form in the macula
(Fig. 12-7). The results of laser treatment have not been as good
as for membranes with other etiologies but should be considered
if fluorescein angiography demonstrates a discrete membrane in
a juxtafoveal or extrafoveal location.
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Patterns of Retinal Disease
in Children

Arlene V. Drack

Chapter 30 in this volume stresses that not all diseases that
look alike have the same etiology. Very different causes may

produce identical clinical pictures, and disorders with similar
ophthalmoscopic findings may have widely disparate clinical
courses and modes of inheritance. Traditionally, eye disease
nomenclature has been based upon underlying etiologies and on
which structures in the eye harbor the initial or inciting defect.
However, the reality of clinical practice is that when patients
present to an ophthalmologist, one of the most important clues
the physician has about the disorder is the appearance of the
fundus. Therefore, in this chapter, many of the retinal disorders
that have been discussed earlier in the retina section are briefly
reviewed from two new perspectives: ophthalmoscopic appear-
ance and systemic associations.

The ophthalmoscopic appearance section presents diseases
based upon similar fundus findings. A brief explanation of the
anatomic basis for the fundus appearance is given, as well as why
unrelated disorders are thought to share a common appearance.
Differentiating features of some of the entities are discussed.
This portion of the chapter can be used to develop a differential
diagnosis for patients who present with a well-defined pattern
of retinal disease that is known to exist in several different dis-
orders. In most cases, the specific entities can then be studied
in more detail elsewhere in this volume. This portion of the
chapter is not all inclusive. For example, flecks and dots of 
the retinal pigment epithelium (RPE), and diffuse pigmentary
retinopathies are not listed, because entire Chapters (4, 5) are
devoted to the differential diagnosis of these disorders. Uveitis
and inflammatory conditions are also readily differentiated 
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from most other entities and are discussed at length in Chapter
11.

The second half of the chapter reviews some of the same
disorders from another point of view. Many of the retinal dis-
eases seen in children are part of a larger metabolic or morpho-
logical syndrome with physical stigmata. The second section
presents categories of disease or dysmorphism commonly asso-
ciated with retinal disease. Any child presenting with a retinal
disorder should have an evaluation by a pediatrician who has
been appraised of the most likely associated findings; however,
ophthalmologists, after all, are medical doctors and a brief pre-
liminary physical examination in the office can evaluate skin,
teeth, palate, fingers and toes. Similarly, a careful, directed
history should be taken. Extra digits may have been removed at
birth, and parents may not mention the hearing, renal, or neu-
rological problems in other family members unless they are
asked about them specifically. Recognition of these syndromes
is important for appropriate counseling and general medical care.
In several of these disorders, ophthalmologists, not pediatri-
cians, are usually the first physicians with an opportunity to
make the diagnosis. Some of these diseases are treatable if
detected at an early stage. Even in those for which no treatment
is available, prompt recognition may prevent parents from
unknowingly having another affected child and, at the very least,
may be useful in planning school and other activities for the
child. In addition, most parents and children are much better
able to accept and live with their disease if they have some
knowledge and understanding of why things have occurred and
what to expect.

In this chapter, categories and diseases are listed in 
the tables. All these lists are organized according to the inci-
dence of the diseases in children; that is, the most common
causes of a given clinical picture in children are listed first,
whereas the least common or very rare causes are last. In some
cases, disorders that are extremely common in adults are rare 
in children. These diseases are marked with an asterisk to indi-
cate that in adolescents or older persons, the differential is
notably different. A list of treatable disorders is also given, with
a brief discussion in the text of some of the treatment options.
Because new treatments may have become available after the
writing of this chapter, this list should not be considered all
inclusive.
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CHARACTERISTIC FUNDUS PATTERNS

Cherry-Red Spot
The ophthalmoscopic appearance of a cherry-red spot is caused
by loss of transparency of the extrafoveal retina as a result of
intra- or extracellular edema or deposition of abnormal meta-
bolic by-products in the retinal ganglion cells. The “red spot” is
evident in the macular region because ganglion cells are absent
or only one layer thick in this area, allowing the normal
choroidal and pigmentary appearance of the fundus to be clearly
visible (see Fig. 13-1). Macular hemorrhages or holes may give
the appearance of a cherry-red spot but can be differentiated by
comparison with the other eye, history, and the evolution of the
lesion. The most typical clinical setting in which a cherry-red
spot is seen in a child is a patient with a neurological disorder
who has been referred to the ophthalmologist. The majority of
these children have already been recognized to have an abnor-
mality of a more general nature before they reach the ophthal-
mologist. Tay–Sachs is the most common metabolic disease
causing this clinical picture; however, several other storage 
diseases can result in an identical appearance (Table 13-1). The
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FIGURE 13-1. Cherry-red spot in sialidosis. The other eye appeared iden-
tical to this one. (Courtesy of Dr. G.F. Judisch)
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TABLE 13-1. Patterns of Retinal Disease in Children.
1. Cherry-red spot

a. Tay–Sachs disease (GM2 gangliosidosis type I)
b. Sandhoff Disease (GM2 gangliosidosis type II)
c. Niemann–Pick disease
d. Sialidosis
e. Farber’s lipogranulomatosis
f. Metachromatic leukodystrophy
g. GM1 gangliosidosis
h. Central retinal artery occlusion*
i. Trauma (retinal edema)

2. Vascular tortuosity
a. Retinopathy of prematurity
b. Fabry’s disease
c. Sickle cell disease
d. Respiratory insufficiency
e. Incontinentia pigmenti
f. Fucosidosis
g. Coats’ disease
h. Optociliary shunt vessels
i. Peripapillary vascular loops
j. Capillary hemangioma

k. Cavernous hemangioma
l. Diabetes mellitus*

m. Racemose hemangioma
n. Familial retinal arteriolar tortuosity
o. Eales’ disease*

3. Macular colobomas
a. Typical macular coloboma
b. Leber’s congenital amaurosis
c. North Carolina macular dystrophy
d. Toxoplasmosis
e. Aicardi’s syndrome
f. Idiopathic infantile hypercalcuria
g. Pathologic myopia
h. Down’s syndrome (trisomy 21)
i. Lymphocytic choriomeningitis virus

4. Foveal hypoplasia
a. Albinism
b. Aniridia
c. Prader–Willi syndrome
d. Isolated foveal hypoplasia

5. Retinal detachment
a. Retinoblastoma
b. Retinopathy of prematurity
c. Trauma*
d. Coats’ disease
e. Stickler’s syndrome
f. Norrie disease
g. Retinal dysplasia
h. Persistent hyperplastic primary vitreous (persistent fetal vasculature)
i. Incontinentia pigmenti
j. Familial exudative vitreoretinopathy

k. X-linked juvenile retinoschisis
l. Inflammatory/exudative

m. Optic nerve pit
n. Ehlers–Danlos VI
o. High myopia/lattice degeneration*
p. Spondyloepiphyseal dysplasia congenita
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TABLE 13-1. (continued)
6. Angioid streaks

a. Pseudoxanthoma elasticum
b. Paget’s disease of bone
c. Sickle cell hemoglobinopathies
d. Senile elastosis
e. Thalassemia
f. Ehlers–Danlos syndrome
g. Abetalipoproteinemia
h. Hereditary spherocytosis
i. Calcinosis
j. Acromegaly

7. Vitreoretinal dysplasia/aplasia
a. Norrie disease
b. Trisomy 13
c. Incontinentia pigmenti
d. Warburg’s syndrome
e. Autosomal recessive vitreoretinal dysplasia

8. Salt-and-pepper fundus
a. Rubella
b. Syphilis
c. Alstrom syndrome
d. Mitochondrial myopathy
e. Fundus pulverulentus

9. Bull’s-eye maculopathy
a. Stargardt’s disease
b. Neuronal ceroid lipofuscinosis
c. Olivopontocerebellar atrophy type III (SCA 6)
d. Hallervorden–Spatz disease
e. Bardet–Biedl
f. Alstrom syndrome
g. Cone dystrophy
h. Mucolipidosis type IV
i. Cone–rod dystrophy
j. Drug toxicity (desferoxamine, chloroquine)

10. Congenital retinal disease
a. Cytomegalovirus
b. Herpes simplex
c. Syphilis
d. Toxoplasmosis
e. Herpes zoster
f. Rubella
g. HIV (human immunodeficiency virus)
h. Lymphocytic choriomeningitis virus (LCMV)

11. Geographic pigmentary disturbance
a. Gyrate atrophy
b. Choroideremia
c. Pathological myopia

12. Retinal causes of leukocoria
a. Chorioretinal coloboma
b. Coats’ disease
c. Retinoblastoma
d. Toxoplasmosis
e. Toxocariasis
f. Morning glory disc
g. Myelinated nerve fibers
h. Other disruptions of the retina and choroid

*Diseases that are common in adults but rare in children.



cherry-red spot has been reported to disappear over time as the
ganglion cells die and the material deposited there is released.
Therefore, the absence of a cherry-red spot, especially in older
children, does not rule out the presence of a suspected metabolic
disorder.37 Aside from metabolic disorders, retinal edema is the
other likely cause of a cherry-red spot. The most common 
etiology is a cilioretinal or central retinal artery occlusion 
(Fig. 13-2), which is extremely rare in children but more common
in adults. Underlying causes of thrombotic diathesis, such as
homocystinuria, Fabry’s disease,71,72 blood dyscrasias, oral con-
traceptives, or history of radiation therapy should be suspected.
Retinal artery occlusion is usually unilateral, not bilateral as is
the case in metabolic disease. Trauma with resulting retinal
edema must also be ruled out.

Vascular Tortuosity
Tortuosity of retinal aterioles and venules, often associated with
vascular dilatation, can be a congenital or acquired condition 
in children. Congenitally anomalous blood vessels are seen in
Coats’ disease (Fig. 13-3), racemose hemangioma, capillary and

416 handbook of pediatric retinal disease

FIGURE 13-2. Cherry-red spot secondary to central retinal artery occlu-
sion. The fellow eye was normal. Note the refractile emboli in several of
the vessels. Emboli are not always seen.



cavernous hemangiomas, familial retinal arteriolar tortuosity,
and peripapillary vascular loops. Coats’ disease is usually spo-
radic, occurs more often in males, is generally unilateral, and
may present with or progress to an exudative retinal detach-
ment. Cryotherapy or laser treatment may halt progression.
Capillary hemangiomas and familial retinal tortuosity can both
be inherited in an autosomal dominant fashion.27,89 Capillary
hemangiomas may be the presenting sign in Von Hippel–Lindau
disease (VHL), a potentially lethal autosomal dominant disorder
affecting the brain, kidneys, and other organs as well as the eye.27

Sporadic, isolated capillary hemangiomas usually occur at a 
later age than those associated with VHL, because the latter are
caused by mutations in a gene that appears to act via a “two-
hit” mutation model, similar to retinoblastoma.10 A complete
medical workup of the patient and family members, in addition
to ocular examinations, should therefore be performed when
capillary hemangiomas of the retina are diagnosed. Familial
retinal tortuosity may be associated with hemorrhages, at times
following exercise.23 Racemose hemangioma may be associated
with intracranial lesions in the Wyburn–Mason syndrome. Cav-
ernous hemangioma appears as a grapelike cluster that is more
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FIGURE 13-3. Fluorescein angiogram of the periphery in a female child
with Coat’s disease. Note the bulblike telangiectasias and the avascular
area beyond the tortuosity.



likely to present in early adulthood than childhood. Fucosidosis
is a storage disease in which retinal vascular tortuosity is asso-
ciated with telangiectatic conjunctival vessels, corneal clouding,
and mental retardation.

Some acquired causes of vascular tortuosity have an under-
lying genetic etiology that may not become manifest until later
in life. The telangiectatic skin and conjunctival lesions, cornea
verticillata, and peripheral neuropathy seen in Fabry’s disease
may go undiagnosed in early childhood. Retinal vascular tortu-
osity (Fig. 13-4), along with occlusions and beading, are seen in
the second decade in this X-linked disorder.71 Retinal ischemia
induces neovascularization in sickle cell disease (lesions tend to
be peripheral) and in diabetes mellitis (lesions tend to be in the
posterior pole and rarely occur before the patient has had the
disease for at least 10–15 years). Retinopathy of prematurity
(ROP) exhibits dilated and tortuous anastomotic vessels at the
peripheral demarcation zone between normal and avascular
retina early in the disease (see Chapter 10). If the disease pro-
gresses to a “plus” stage, the arterioles in the posterior pole also
become dilated, tortuous, and leaky, and iris neovascularization
may occur. Some of this tortuosity may persist into childhood,
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FIGURE 13-4. Retinal vascular tortuosity develops in the second decade
in Fabry’s disease. See Figure 13-18 for an illustration of other associated
features.



even if the disease regresses, or vessels may be straightened and
dragged. Children with chronic respiratory insufficiency from a
variety of causes may have dilated, tortuous retinal vessels in
the posterior pole;83 this may be similar in etiology to the 
vascular tortuosity seen in some adults with hypoxemia and
hypercapnia from chronic obstructive pulmonary disease.77

Optociliary shunt vessels are engorged vessels on or near the disc
that may occur with compressive lesions such as orbital menin-
giomas or gliomas and must be differentiated from benign 
peripapillary loops. Incontinentia pigmenti is a rare X-linked
dominant disorder that may have peripheral vascular changes
resembling ROP. Affected females may be mentally retarded and
have characteristic skin changes. As in ROP, cryotherapy or laser
treatment may prevent cicatricial disease and blindness.58

Enzyme replacement therapy may be beneficial in Fabry’s
disease.66

Macular Coloboma
Macular colobomas are excavated, whitish lesions surrounded
by normal retina. A typical coloboma (Fig. 13-5) is a develop-
mental defect resulting from failure of closure of the fetal
fissure in the embryonic optic cup. These colobomas may
include the iris and lens as well as the retina and choroid; they
are typically inferonasal and may involve the optic nerve as
well as some or all of the macula. Although vision is often
severely affected, it does not necessarily correlate with the
severity of the lesion ophthalmoscopically. Predictions of level
of vision are best delayed until the child is old enough for some
form of acuity testing. Typical colobomas are often idiopathic,
especially if unilateral, but they may be inherited as an 
autosomal dominant trait with variable expressivity, with or
without other congenital anomalies.5 Typical colobomas, espe-
cially if bilateral, may be markers of chromosomal abnor-
malities, or syndromes such as the CHARGE86 association, or
Goltz syndrome. Isolated colobomatous microphthalmia has
been mapped to chromosome 15q12–q15.52 Atypical colobomas,
which may be congenital or acquired, are not secondary to
abnormal closure of the fetal fissure but have a white excavated
appearance similar to typical colobomas. Pathological myopia
(Fig. 13-6), intrauterine infections such as toxoplasmosis (Fig.
13-7), lymphocytic choriomeningitis virus (LCMV), or a retinal
dystrophy such as North Carolina macular dystrophy are often
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FIGURE 13-5. Typical colobomas result from failure of closure of 
the fetal fissure; they often involve the nerve, as seen in this patient.
(Courtesy of Dr. G.F. Judisch)

FIGURE 13-6. Coloboma-like lesions secondary to severe myopia involv-
ing the macula and peripapillary retina.



the cause. Children with Aicardi’s syndrome, in which females
have infantile spasms, an absent corpus callosum, and chori-
oretinal scars, may have coloboma-like lesions in the posterior
pole. Patients with trisomy 21 (Down’s syndrome) may have
coloboma-like lesions in the macula.91 Development of a
macular coloboma in Leber’s congenital amaurosis is a poor
prognostic sign for stability of vision.29

Foveal Hypoplasia
Foveal hypoplasia is recognized clinically as a dulled or absent
foveal reflex in a child with poor vision and, usually, nystagmus.
An idiopathic form has been described, which may be sporadic
or autosomal dominant.54,55 This form is the exception, however,
and an underlying ocular syndrome can often be found. The
most common is one of the forms of ocular or oculocutaneous
(OCA) albinism. This disorder should be suspected in any child
or adult presenting with congenital nystagmus. The stigmata are
present at birth, but the diagnosis is often not made until much
later. The hallmarks are iris transillumination defects (Fig. 13-
8) and, in the oculocutaneous forms, diffuse hypopigmentation.
In complete oculocutaneous albinisim, the diagnosis is obvious:
the hair is white, the skin has no pigmentation, and the irides
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FIGURE 13-7. Toxoplasmosis may leave a colobomatous scar in the
macular area. With time, these scars often develop characteristic 
hyperpigmentation.



are pink. In the various incomplete forms, and in all ocular
albinism patients, the signs may be far more subtle. Pigmenta-
tion may appear normal, but may be less than expected given
the patient’s racial and ethnic background and the parents’ pig-
mentation. In such patients, a careful search for iris transillu-
mination defects and foveal abnormalities should be performed
in the proband and family members.

Infants with albinism often have delayed visual responses
suggesting the diagnosis of Leber’s congenital amaurosis. Vision
often improves with time to approximately 20/200 with even
better vision at near. The optic nerves may appear gray or in-
distinct (Fig. 13-9), and macular hypoplasia may be so profound
that retinal vessels course over the area that should include the
macula.78 A history of easy bruising or frequent infection should
be sought to rule out the potentially life-threatening syndromes
of Hermansky–Pudlak and Chediak–Higashi. The fundus
appears blonde in all forms of albinism; however, small pig-
mented RPE clumps or diffuse moderate pigmentation may be
seen in tyrosinase-positive incomplete OCA patients. The other
disorder in which foveal hypoplasia is prominent is aniridia (Fig.
13-10). Affected infants present with poor vision, nystagmus,
and hypoplasia of the iris. Most patients have some rudimentary
iris tissue and may therefore appear to have widely dilated amau-
rotic pupils, leading to an erroneous diagnosis. The macular
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FIGURE 13-8. Searching for transillumination defects in a young child
using the penlight technique. In this photograph, the red reflex from the
camera flash illuminates both eyes. In clinical use, the flashlight held to
the lids in a darkened room reveals iris transillumination defects beauti-
fully, a test that is much easier to perform than a slit lamp examination
in most infants. (Courtesy of Dr. G.F. Judisch)
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FIGURE 13-9. The optic nerves may be grayish with indistinct margins
in children with albinism. Note the prominent red color of the choroid,
which is evident when there is no overlying pigment. (Courtesy of Dr.
G.F. Judisch)

FIGURE 13-10. Some iris tissue is usually present in aniridia. Foveal
hypoplasia, glaucoma, pannus, and subluxated lenses may be associated
features.



reflex is blunted but the fundus pigmentation is normal for that
individual. It is usually possible to see the edge of the lens,
which may be easier to do with a 20 diopter (D) lens and an indi-
rect ophthalmoscope than a slit lamp in a very young child. The
diagnosis of aniridia is an important one because sporadic cases
are associated with Wilm’s tumor. Such children should have
close follow-up by a pediatrician throughout childhood. The
hereditary forms may be autosomal dominant or recessive. In
some dominant pedigrees of aniridia, foveal hypoplasia is not
present, there is no nystagmus, and vision is good.16 Glaucoma
often may develop in patients with aniridia. Congenital, devel-
opmental, and angle-closure glaucoma have also been reported
in association with albinism.9,17,43

Retinal Detachment
Retinal detachment in infants and children is extremely rare,
and this finding should lead one to suspect a specific disease,
syndrome, or trauma. Nonaccidental trauma should always be
considered because in these cases the child’s life, as well as
vision, may be at stake.

Several broad categories should be considered when a
newborn or infant presents with a retinal detachment. The first
is the presence of a tumor in the eye, which should be ruled 
out with ultrasound or CT scan. Once this potentially life-
threatening diagnosis has been excluded, other causes of con-
genital or infantile detached retina should be considered,
including Stickler syndrome, retinopathy of prematurity, retinal
dysplasia, and Norrie disease (Fig. 13-11). The latter may be con-
firmed by molecular genetic techniques and is caused by muta-
tions of the Norrie disease gene on the X chromosome.92 Defects
in this gene may also cause later onset retinal detachment as
part of familial exudative vitreoretinopathy (FEVR).11 Premature
infants with mutations in the Norrie disease gene may be pre-
disposed to more severe ROP and retinal detachment as well.70
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FIGURE 13-11A,B. Sagittal (A) and axial (B) MRI of a child with Norrie
disease. Note the blood density filling the globe and the detached retina
anterior to it. MRI or CT may distinguish this disorder from retinoblas-
toma, but not from vitreous hemorrhage or persistent hyperplastic
primary vitreous (PHPV). Retinal detachment in Norrie disease is usually,
although not always, bilateral. (Courtesy of Dr. I. Maumenee)





Persistent hyperplastic primary vitreous (PHPV), also called
persistent fetal vasculature (PFV), may also present with a
retinal detachment at birth; however, the associated microph-
thalmos and cataract often simplify the diagnosis. Bilateral
PHPV may be a sign of a genetic syndrome. A complete systemic
and genetic workup should be performed in these cases. In
infants who are born with attached retinas that subsequently
detach, a likely diagnosis is cicatricial retinopathy of prematu-
rity. There is evidence that retinal degeneration occurs very
rapidly following detachment in these immature eyes.38 Incon-
tinentia pigmenti may also predispose to early-onset retinal
detachment. If retinal detachments occur in later infancy or
childhood, underlying exudative, inflammatory, or tractional
causes should be sought. The retinal detachments seen with
Stickler’s syndrome, spondyloepiphyseal dysplasia congenita,
X-linked juvenile retinoschisis, optic nerve pits, and Ehlers–
Danlos VI usually occur after infancy. In Ehlers–Danlos VI, there
may be extreme fragility of the globe resulting in rupture from
relatively minor injury. Safety glasses should be prescribed for
these children. Some, although not all, of the latter patients have
a measurable deficiency of lysyl dehydrogenase.34 Pyridinium
cross-link abnormalities in urine may help make the diagnosis
of Ehlers–Danlos VI.

Angioid Streaks
Angioid streaks are seen ophthalmoscopically as subretinal 
lines of variable width, usually radiating out from the disc 
(Fig. 13-12), which represent breaks in Bruch’s membrane with
atrophy of the overlying RPE and eventually of the underlying
choriocapillaris as well. The color of the streaks may be red 
or gray (recent) or yellowish (atrophic). About half the patients
with angioid streaks have an underlying systemic cause.13,73

The associated disorders (Table 13-1) are syndromes in which
elastic tissue is abnormally fragile because of either an increased
affinity for calcium or deposition of iron. The breaks in Bruch’s
membrane may be secondary to mechanical forces acting on 
this relatively inelastic structure.46 Angioid streaks usually
develop in the second decade of life and are associated with
macular subretinal neovascular membranes, macular degenera-
tion, and visual loss in more than 50% of eyes, often at a young
age.47
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Vitreoretinal Dysplasia or Aplasia
Most infants with vitreoretinal dysplasia or aplasia have bilat-
eral white retrolental masses associated with nystagmus and
other congenital anomalies or syndromes. Norrie disease is X-
linked and thus occurs almost exclusively in males. About 25%
of these children are mentally retarded and 33% have hearing
loss.56 Retinal folds and detachment are usually present at birth.
Carrier females are normal, but molecular genetic techniques
can be used for diagnosis in some families.11,92 In trisomy 13, mul-
tiple systemic defects are present and the infants usually do not
survive. Patients with Warburg syndrome (autosomal recessive)
are mentally retarded and have hydrocephalus, agyria, and in
some cases an encephalocoele.87 Incontinentia pigmenti occurs
almost exclusively in females; it is usually inherited as an X-
linked dominant that is lethal in males. Isolated cases of vitreo-
retinal dysplasia have been presumed to be autosomal recessive.

Salt-and-Pepper Fundus
The clinical picture of a “salt-and-pepper” fundus is the result
of fine pigment clumping and dispersion that is most often

chapter 13: patterns of retinal disease in children 427

FIGURE 13-12. Fundus of a patient with angioid streaks. These linear
lesions typically radiate out from the disc and represent breaks in Bruch’s
membrane. Fifty percent of patients with angioid streaks have an under-
lying systemic etiology.



caused by a congenital infection which disrupts the normal
embryogenesis of the RPE. A fine pigmentary change in the
fundus is the most common ocular finding in the congenital
rubella syndrome (Figs. 13-13A,B). Histologically, it corresponds
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FIGURE 13-13A,B. (A) Diffuse salt-and-pepper pigmentary disturbance
seen in a patient with congenital rubella syndrome. (B) Close-up of
macular pigmentary changes in another child with congenital rubella.
The pigmentary changes do not affect vision, but macular subretinal neo-
vascular membranes may develop in later life.



to irregular degeneration of the RPE with adjacent pigment
migration and clumping.93 However, the vision and electro-
oculogram (EOG) are usually normal, and the electroretinogram
(ERG) is recordable but may be reduced.39 In later life (after the
age of 9 years in all reported patients), subretinal neovascular
membranes may form. Some of these membranes resolve
without disciform scarring but others reduce vision.75 Other
ocular findings may include cataract, microphthalmos, and glau-
coma. Hearing loss is common, and endocrine abnormalities
also develop in some patients later in life, making the appropri-
ate diagnosis of more than academic interest.69 Infants born with
congenital rubella can shed live virus and are therefore infec-
tious. Interestingly, they may not retain immunity from their
congenital infection and are therefore susceptible to reinfection
at a later time. For the same reason, negative rubella titers in a
child older than 3 or 4 years do not rule out congenital infec-
tion. Although vaccination programs have all but eradicated epi-
demics of rubella in the United States, 10% to 20% of adults in
their childbearing years remain seronegative,76 and cases of con-
genital rubella continue to be reported in the United States and
around the world.

Another congenital infection causing this fundus picture is
syphilis. The incidence of this disease is on the rise in the United
States. Babies often have rhinitis causing the “sniffles” shortly
after birth. Retinitis, uveitis, interstitial keratitis, and abnormal
teeth develop later. If congenital syphilis is diagnosed at any age,
systemic antibiotics may be warranted. Even if treated, congen-
ital syphilis may lead to recurrent uveitis, arthritis, progressive
hearing loss, and interstitial keratitis mediated by autoimmune
effects. Any child with positive syphilis serology should be eval-
uated for other sexually transmitted diseases such as human
immunodeficiency virus (HIV), gonorrhea, and chlamydia.

Alstrom syndrome may resemble congenital rubella 
with deafness, pigmentary retinopathy, and diabetes mellitis.
Although the fundus may have a salt-and-pepper appearance, 
a bull’s-eye or other maculopathy is more typical. The
histopathology is very different from congenital rubella, with an
absence of rods and cones.68 The ERG may initially show a cone
defect but usually becomes nonrecordable over time. Mito-
chondrial myopathy may also be associated with salt-and-pepper
retinopathy. In a series of 61 patients with mitochondrial
myopathy, 36% had retinal pigmentary changes. Of these, 82%
were described as “salt and pepper,” usually with good vision.53
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Bull’s-Eye Maculopathy

The neuronal ceroid lipofuscinoses (NCL) are a group of auto-
somal recessive disorders characterized by progressive neuro-
logical deterioration, seizures, and pigmentary retinopathy.
Three of the four types exhibit retinopathy. The infantile form
(Haltia–Santavuori syndrome, onset between 8 and 18 months
of age) and the late infantile form (Jansky–Bielschowsky syn-
drome, onset between 2 and 4 years of age) usually present with
neurological deterioration before vision loss occurs. In the juve-
nile form (Batten syndrome), the onset is between 4 and 8 years
of age and the visual disturbance usually precedes neurological
symptoms; this form is most likely to be diagnosed by an oph-
thalmologist. The earliest ophthalmoscopic finding is usually a
decreased foveal reflex or bull’s-eye maculopathy (similar to that
shown in Figs. 13-14A,B). In contrast to NCL, olivopontocere-
bellar atrophy type III also called SCA 6 (spinocerebellar atrophy
6) is an autosomal dominant disorder. The age of presentation
is extremely variable, and patients with a younger age of onset
are usually more severely affected. Visual problems may be the
first symptoms, especially in older children or young adults. A
bull’s-eye or atrophic maculopathy may be present and with
time may become diffuse. Subtle cerebellar signs should be
sought because these may be present even in patients who have
not yet complained about neurological problems. Older family
members should be examined for maculopathy which may
appear isolated.82

Hallervordan–Spatz syndrome is an autosomal recessive
disorder with rapidly progressive neurological and retinal dete-
rioration and death. In some patients, early symptoms may be
subtle and psychological disorders are initially suspected. The
retinopathy is typically of a flecked type with a bull’s-eye mac-
ulopathy.14 Stargardt’s disease is usually an autosomal recessive
disorder although autosomal dominant pedigrees have been
described (see Chapter 4). The usual presentation is with gradual
bilateral visual loss in the first two decades of life. The fundus
picture includes a beaten bronze or bull’s-eye macular appear-
ance with or without peripheral flecks. Stargardt’s and fundus
flavimaculatus are probably the same disorder because both 
can occur in the same pedigree and have been associated with
the same gene in some pedigrees. The visual disturbance may
precede the pigmentary changes, leading to an erroneous diag-
nosis of hysterical blindness.25 The Bardet–Biedl syndrome is an
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FIGURE 13-14A,B. Color fundus photograph (A) and fluorescein
angiogram (B) of a patient with a cone dystrophy exhibiting a classic
bull’s-eye pattern in the macula. Several retinal diseases may present with
this sign.



autosomal recessive disorder that has features which are evident
at birth. However, diagnosis is frequently delayed until later in
life. Polydactyly, obesity, hypogenitalism, and at times mild
mental retardation accompany a pigmentary retinopathy that is
usually apparent in the early school years along with markedly
decreased vision. A bull’s-eye maculopathy is often seen,
although in some patients pigmentary changes may be subtle.
The ERG may initially show rod dysfunction but can progress
to nonrecordable. The Lawrence–Moon syndrome is similar to
Bardet-Biedl, but there is no polydactyly and spastic paraplegia
may be present.65

Some medications and toxins may cause a retinopathy that
often begins as, or includes, a bull’s-eye maculopathy. The iron
chelator desferoxamine is commonly used in children who are
transfusion dependent as a result of sickle cell disease or thal-
lasemia. A progressive, severe retinopathy with gradual pigme-
natary changes of the macula may result, with concomitant
ERG changes. Rapid discontinuation of the medication may
restore vision. It may be prudent to follow children on chronic
desferoxamine therapy with serial ERGs. This drug can also
cause optic neuropathy. Chloroquine can cause maculopathy as
well.

Congenital Retinal Disease
The ophthalmologist is frequently called upon to examine the
eyes of a newborn suspected to have an infection contracted in
utero. The eye examination can help make a rapid diagnosis in
some cases, allowing appropriate treatment to be started. Some
infections can cross the blood–placenta barrier, whereas others
are contracted when there is premature rupture of membranes
or during the baby’s passage through the birth canal. All of the
TORCH infections (toxoplasmosis, rubella, cytomegalovirus,
and herpes), as well as HIV, can cross the placenta, and antibody
titers can be drawn at birth. Because IgG crosses the placenta,
and therefore may be of maternal origin, IgM titers should be
examined specifically. Titers drawn after the first few months of
life should be interpreted with caution because exposure may
have occurred postnatally. Rubella virus interferes with organo-
genesis. Affected children are small, and the organs actually
have fewer cells than normal. For this reason, children affected
later in gestation, after most of the organs have formed, have
few or no defects. Live virus may persist for years in the various

432 handbook of pediatric retinal disease



tissues of affected children. Varicella and cytomegalovirus may
cause defects even if contracted later in pregnancy because they
can attack organs that have already formed.42 Syphilis (Fig. 
13-15) and toxoplasmosis should be treated with antibiotics 
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FIGURE 13-15A,B. (A) Congenital syphilis may present with either a fine
salt-and-pepper retinopathy (see Fig. 13-13) or the fundus picture shown
in this photograph in which large black retinal pigment epithelium (RPE)
clumps are seen throughout the retina. (B) This patient also had ghost
vessels from previous interstitial keratitis. In early childhood, acute inter-
stitial keratitis may also be seen.



prenatally and postnatally if congenital infection has occurred.
Combination antibiotic treatment for congenital toxoplasmosis
must be continued for at least 1 full year and should be combined
with systemic steroids and close monitoring if active retinal
lesions are present.48 Similarly, babies born with congenital
herpes may require antiviral medication in the neonatal period.

In all these disorders the chorioretinitis appears similar, 
and the importance of ophthalmoscopy is not to differentiate
between these infections but to identify an abnormality and
stimulate an appropriate workup including CT scan of the head
and serologies. It is not yet known whether congenital HIV 
can cause a typical chorioretinitis. Cotton wool spots may be
present. Opportunistic infections must be ruled out in these
infants, and whenever one sexually transmitted disease is
present, the possibility of others, including chlamydia, must be
excluded. Cytomegalovirus (CMV) retinitis in children may not
present with the acute hemorrhagic picture seen in adults.45

Parents of infants with quiescent toxoplasmosis lesions should
be informed about the possibility of reactivation. Pregnant
women should be advised to avoid undercooked meat and
contact with cat feces, which may harbor the toxoplasmosis
organisms. Lymphocytic choriomeningitis virus (LCMV) can
also cross the placenta. This virus is carried by rodents such 
as mice, rats, and hamsters. A pigmentary retinopathy with
coloboma-like lesions may result. Titers for LCMV should be
drawn in suspected congenital infection cases.51

Geographic Pigmentary Disturbances
Several disorders occurring during childhood may present
with progressive geographic pigmentary changes in the fundus.
Pathological myopia (Fig. 13-16) may cause confluent areas of
chorioretinal degeneration in the posterior pole. There may be
excavation of the region, and the sclera can be seen. Isolated
pathological myopia usually appears to be autosomal recessive
or sporadic. Several connective tissue disorders with systemic
features have pathological myopia as an associated finding,
however, and a complete physical examination should be per-
formed in any child with pathological myopia. Gyrate atrophy
(Fig. 13-17) causes confluent areas of chorioretinal atrophy in the
periphery that progress toward the posterior pole over time.
Choroidal vessels and some pigmentation are often visible
within the atrophic patches. This disorder is also autosomal
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FIGURE 13-16. High degrees of myopia can cause large areas of chori-
oretinal atrophy in late childhood. This degree of pigmentary change is
usually not seen until adolescence or early adulthood.

FIGURE 13-17. Gyrate atrophy is characterized by areas of chorioretinal
atrophy that start in the midperiphery and progress to the posterior pole.
Dietary restriction may slow the progression.



recessive and is associated with high myopia in childhood. Night
blindness is also a feature. The diagnosis can be made by detect-
ing elevated plasma ornithine levels. Dietary changes may 
halt progression. The cause is a mutation of the ornithine
aminotransferase gene, leading to hyperornithinemia. Myopia,
early-onset cataracts, and abnormal ERG are also found.57

Choroideremia is X-linked recessive, and affected patients are
therefore almost always male. Night blindness is present, but
high myopia is not usually seen. The chorioretinal atrophy is
seen first in the midperiphery and also has scalloped edges. It is
caused by mutations in the RAB27A gene.80

Retinal Causes of Leukocoria
Leukocoria in an infant or young child may be secondary to
corneal or lens pathology. Once these factors are excluded, a
retinal source is likely. The first step is always to rule out
retinoblastoma, because this is a potentially fatal condition 
that has a fairly good prognosis with treatment (see Chapter 9).
Fundus examination, ultrasound, and CT scan all have a role in
the evaluation of these patients. The child may need to be
sedated to obtain an optimal examination. Many other disorders
with various etiologies can cause the normal red reflex to appear
whitish or yellow (Table 13-1). In general, any disorder that
destroys, detaches, or changes the normal color of the retina in
an area likely to be in line with the pupil (i.e., the posterior pole)
can cause leukocoria.

SYSTEMIC DISORDERS ASSOCIATED WITH
RETINAL ABNORMALITIES

Ichthyosis and Other Dermatological Disorders
In a child presenting with retinal disease, the first step in a general
examination should be an evaluation of the skin. Ichthyosis is
abnormal scaling, dryness, and tightness of the skin. Isolated
ichthyosis is commonly associated with anterior segment com-
plications, but ichthyosis in association with pigmentary retino-
pathy should suggest the diagnoses of Refsum disease60 or
Sjogren–Larsson syndrome74 (see Table 13-2). Darier’s disease is
an autosomal dominant disorder characterized by scaling, papules,
and dystrophic nails. Typical retinitis pigmentosa has been
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reported in association with this disease.31 Other skin findings that
should alert the ophthalmologist to the presence of a systemic syn-
drome are whorls of brown pigment, usually on the trunk, that
were preceded in infancy by blister-like lesions (incontinentia
pigmenti), atrophic changes (Flynn-Aird syndrome),18 skin photo-
sensitivity (Cockayne syndrome and Allagille syndrome), or areas
of hypopigmentation (vitiligo and Vogt–Koyanagi–Harada).
Petechial lesions may be seen in Fabry’s disease (Fig. 13-18). A
“plucked chicken” appearance (Fig. 13-19A) is characteristic of
pseudoxanthoma elasticum. The presence of “peau d’orange”
fundus changes (Fig. 13-19B) is essentially pathognomonic of this
disorder,49 unlike the less specific finding of angioid streaks (see
Fig. 13-12).

Linear atrophic scarlike lesions on the face, neck, and upper
body may be associated with retinal colobomas or Peter’s
anomaly in Goltz syndrome and microphthalmia with linear
skin defects (MLS), respectively. Both are X-linked dominant.94

Deafness
A significant number of deaf children have associated retino-
pathy. Deaf children are often referred for ophthalmologic 
evaluation both to ensure optimal function of their remaining
sensory input and to rule out the presence of a syndrome. These
syndromes can be divided into those that typically present with
deafness and those which present first with visual problems. In
the former group, the most common disorder is Usher syndrome,
types I and II. Patients with type I Usher syndrome are born with
profound deafness and vestibular abnormalities. Retinopathy,
night blindness, and ERG changes usually occur in the first
decade of life. In type II, abnormal hearing is present at birth, but
is less severe, and vestibular function is intact. Retinopathy does
not begin until the teens. There are many subsets of these two
types, and at least six different genetic loci have been identified.8

Usher syndrome is autosomal recessive, and there is also a later-
onset form (type III) with progressive hearing loss and retinopa-
thy in adulthood. Infants born with congenital rubella syndrome
often have hearing loss, in association with a salt-and-pepper
retinopathy and, at times, cataracts.

Alport syndrome is a relatively common disorder. Hearing
loss, which may be mild initially, is usually present within the
first decade, along with renal disease. Approximately 30% of
patients develop ocular involvement, with males predominat-

chapter 13: patterns of retinal disease in children 437



438 handbook of pediatric retinal disease

TABLE 13-2. Diseases with Systemic Signs Associated with Retinal
Abnormalities.
1. Ichthyosis and other dermatological disorders

a. Sjogren–Larsson syndrome
b. Refsum’s disease
c. Incontinentia pigmenti
d. Pseudoxanthoma elasticum
e. Darier’s disease
f. Flynn–Aird syndrome
g. Allagille syndrome
h. Cockayne syndrome
i. Vogt–Koyanagi–Harada
j. Vitiligo

k. Goltz syndrome/MLS
2. Deafness

a. Usher’s syndrome
b. Alstrom syndrome
c. Refsum disease
d. Alport syndrome
e. Congenital rubella
f. Cockayne syndrome
g. Peroxisomal disorders
h. Mucopolysaccharidoses
i. Kearns–Sayre syndrome
j. Osteopetrosis

k. Norrie disease
l. Flynn–Aird syndrome

m. Cogan’s syndrome
n. Stickler’s syndrome
o. Spondyloepiphyseal dysplasia congenita

3. Polydactyly
a. Bardet–Biedl syndrome
b. Jeune’s syndrome
c. Trisomy 13

4. Short stature/skeletal anomalies/facial dysmorphism
a. Bardet–Biedl syndrome
b. Cockayne syndrome
c. Jeune’s syndrome
d. Osteopetrosis
e. Spondyloepiphyseal dysplasia congenita
f. Mucopolysaccharidosis IH, IS, II, III
g. Stickler’s syndrome
h. Infantile phytanic acid storage disease (infantile refsum)
i. Allagille syndrome
j. Chorioretinopathy and pituitary dysfunction

5. Renal disease
a. Senior–Loken syndrome
b. Bardet–Biedl syndrome
c. Alport’s syndrome
d. Idiopathic infantile hypercalcuria
e. Renal dialysis
f. Oxalosis
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ing.32 The most common ocular finding is anterior lenticonus,
which is not present at birth but develops later in childhood or
adolescence. Retinal changes, which may appear as RPE mot-
tling or whitish dots, are also a later finding.7,64 Alport syndrome
is genetically heterogeneous, with approximately 80% of cases
X-linked recessive and most of the remainder autosomal reces-
sive; it is caused by mutations in various genes coding for 
basement membrane type IV collagen.3,36 Some patients develop
leiomyomas of the esophagus, tracheobronchial tree, and geni-
talia (in females).

The presenting sign in Flynn–Aird syndrome is usually
hearing loss, with retinopathy and neurological changes oc-
curring later. This rare disorder is autosomal dominant, but
symptoms often do not appear until early adulthood.18 In the
congenital rubella syndrome, deafness is usually present at birth
and the typical salt-and-pepper retinopathy, which is either con-
genital or develops within the first year, may help to make the
diagnosis. Rarely, deafness may not develop until later in child-
hood.69 In contrast to the preceding disorders, children with
Norrie disease or Alstrom syndrome present with a visual
problem and only later develop hearing loss. In several other dis-

TABLE 13-2. (continued)

g. Cystinosis
h. Renal-coloboma syndrome
i. Alstrom syndrome

6. Hepatic disease
a. Allagille syndrome
b. Zellweger’s syndrome

7. Neurological/neuromuscular disorders
a. Neuronal ceroid lipofuscinosis
b. Olivopontocerebellar atrophy type III (SCA 6)
c. Kearns–Sayre syndrome
d. Myotonic dystrophy
e. Hallervorden–Spatz disease
f. Joubert syndrome
g. Mucolipidoses
h. Zellweger’s syndrome
i. Neonatal adrenoleukodystrophy
j. Refsum’s disease

k. Infantile phytanic acid storage disease
l. Flynn–Aird syndrome

m. Abetalipoproteinemia
8. Obesity

a. Bardet–Biedl syndrome
b. Alstrom syndrome



orders, the retinal disease and deafness develop at approximately
the same age. Thus, the ophthalmologist examining a child in
whom hearing loss has been recently diagnosed must suspect
these disorders. Similarly, children with newly diagnosed 
retinal disease suggestive of one of these syndromes should be
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FIGURE 13-18A,B. (A) Characteristic skin lesions in a young man with
Fabry’s disease. (B) Another patient with Fabry’s disease demonstrates
characteristic spoke-like lens opacities on retroillumination. Corneal
changes may also occur and have a whorled pattern.



referred for audiology. These diseases include neonatal adreno-
leukodystrophy (apparent within the first months of life), infan-
tile Refsum disease (presents in the first year of life), Cockayne
syndrome, and mucolipidosis (MPS) II and III (present shortly
after the first year of life). MPS I may present within the first 5
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FIGURE 13-19A,B. (A) Typical skin changes in a patient with psuedox-
anthoma elasticum. (Courtesy of Dr. M. Stone) (B) Peau d’orange fundus
appearance in another patient with psuedoxanthoma elasticum.



years of life and includes corneal clouding, hearing loss, and retinal
dystrophy. Bone marrow transplantation and enzyme replacement
therapy may halt or partly reverse the disease process.

Kearns–Sayre syndrome usually presents before 20 years of
age. The most common initial symptom is ptosis, with hearing
loss and a pigmentary retinopathy developing later. Visual loss
is often not severe. Rarely, Cogan syndrome presents with acute
vestibuloauditory disturbance and chorioretinitis, with or
without interstitial keratitis. Prompt treatment with systemic
corticosteroids may prevent permanent hearing loss and other
complications.28

Patients with Stickler syndrome and spondyloepiphyseal
dysplasia congenita may have progressive hearing loss. Patients
with Waardenburg’s syndrome have heterochromia iridis and
may have a white forelock of hair. Congenital deafness is asso-
ciated. The fundus ipsilateral to the lighter iris (usually bright
blue) may be more blond than the contralateral fundus, but
vision is usually normal. This disorder is autosomal dominant
and has at least two subtypes with two different genetic loci.44

Polydactyly
Extra digits may be an important diagnostic clue in the evalua-
tion of children with retinal disease. Although infants with
trisomy 13 have multiple other severe anomalies, children with
the Bardet–Biedl syndrome may go undiagnosed for many years.
Children with the latter condition are obese, have hypogo-
nadism, and may be mildly mentally retarded in addition to
having extra digits and poor vision. Because supernumerary
fingers are often ligated at birth, scars on the hands may be the
only remaining clue (Fig. 13-20A,B). Children with Jeune’s syn-
drome (asphyxiating thoracic dysplasia) have multiple abnor-
malities, including short-limbed dwarfism, thoracic dysplasia,
liver abnormalities and RPE mottling with decreased vision.
Polydactyly is an occasional feature. Polydactyly occurs most
commonly as an isolated finding, without associated retinal
disease, and may be familial.

Short Stature/Skeletal Anomalies/
Facial Dysmorphism
In a child with retinal disease, short stature for age may indicate
the presence of a syndrome. A normative growth chart, or the
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FIGURE 13-20A,B. (A) Children with the Bardet–Biedl syndrome are
obese and have poor vision secondary to a pigmentary retinal degenera-
tion. They may also have endocrine abnormalities and postaxial poly-
dactyly. Retinal changes may be diffuse or may take on a bull’s-eye
appearance. Early changes are often subtle. (B) The extra digits present on
this girl’s hands were ligated at birth, leaving only small scars. (Courtesy
of Dr. J. Horton)



child’s pediatrician, should be consulted. In young adults, the
height should be compared to other family members. In some
disorders, short stature is accompanied by abnormal facies, for
example, the coarse appearance in some of the mucopolysac-
charidoses or the birdlike facies with atrophy of periorbital fat
and progeria in Cockayne syndrome. In Jeune syndrome, the
dwarfism is of the short-limbed type. Patients with Allagille
syndrome have dysmorphic facies. In Stickler syndrome, a char-
acteristic midface hypoplasia is present, with a flattened nasal
bridge. Epiphyseal abnormalities can be seen on bone X-rays,
arthropathy may develop, and a cleft palate or bifid uvula may
be present. Osteopetrosis also can be diagnosed on X-ray by
noting increased density of bone. Children may be small with
failure to thrive, and optic atrophy may be present secondary to
narrowing of the optic foraminae. A baby with infantile Refsum
disease presents with dysmorphic facies, deafness, retinal
disease, and often nystagmus. Elevated serum phytanic acid
levels confirm the diagnosis.67 Classical Refsum disease is more
subtle and usually presents in late childhood; dysmorphic facies
are not a major feature. In spondyloepiphyseal dysplasia con-
genita, short stature is present as well as a barrel chest and high
myopia.26 In the rare syndrome of chorioretinopathy and pituitary
dysfunction, deficiency of growth hormone is associated with
short stature, poor vision, and very long eyelashes.33

Renal Disease
Senior–Loken syndrome is an autosomal recessive condition
that presents either as typical Leber’s congenital amaurosis (Fig.
13-21) followed by medullary cystic kidney disease and renal
failure later in life or, conversely, as a child with renal failure
who develops retinal disease at an older age. All children with
a diagnosis of Leber’s congenital amaurosis should have serial
renal function studies to rule out this disorder. Renal disease and
hypertension may develop in the Bardet–Biedl syndrome and
may be severe.12 These children should also have monitoring for
renal insufficiency. Alstrom syndrome predisposes to diabetes
mellitis and renal dysfunction. Idiopathic hypercalcuria and
oxalosis predispose patients to recurrent renal stones. Cystinosis
may present in the first year of life with acidosis and failure to
thrive, followed by renal failure in the first decade. In some
cases, however, the renal insufficiency develops in the second
or third decade. Retinal pigmentary mottling and deep crystals
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may be seen in both types, but all patients with the infantile
form have been reported to have retinal changes by 7 years of
age.15 Corneal crystals and photophobia usually occur. Cys-
teamine eyedrops may dissolve corneal crystals.21,22 There is also
a nonnephropathic ocular cystinosis, caused by mutations in the
same gene, CTNS, that causes the nephropathic form:1 both are
autosomal recessive. Renal disease generally precedes the retinal
changes in Alport syndrome but may be preceded by the
acquired lenticonus.64 Renal dialysis has also been associated
with retinal pigmentary changes.30

In the renal-coloboma syndrome, kidney hypoplasia is asso-
ciated with optic nerve colobomas; it can be transmitted as an
autosomal dominant trait and is caused by mutations of the
PAX2 gene.19

Hepatic Disease
Neonatal jaundice, failure to thrive, and subsequent pigmentary
retinopathy are characteristic of Allagille syndrome (Fig. 13-22).
This disorder is autosomal dominant. There is congenital
hypoplasia of the interlobular bile ducts, and liver dysfunction
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FIGURE 13-21. Leber’s congenital amaurosis. The fundus may appear
normal in infancy, but with time, typical bone spicules, as shown in this
picture, may develop. Arteriolar narrowing, coloboma-like lesions of the
macula, and other patterns of pigmentary changes have also been
described.



is frequently mild. Prominent posterior embryotoxon may 
an early diagnostic clue, and optic nerve drusen are common.
Conversely, infants with Zellweger syndrome, a peroxisomal
disorder, have hepatic interstitial fibrosis as well as other 
anomalies, and usually die before 1 year of age. It is autosomal
recessive.

Neurological/Neuromuscular Disorders
All children with retinal disease should have a careful history
taken because many hereditary neurological disorders have
retinopathy as a feature. The presence of a seizure disorder,
ataxia, or developmental delay is important. Infants with retinal
disease and neurological or neuromuscular abnormalities should
be evaluated for infantile phytanic acid storage disease (Refsum),
Zellweger’s syndrome, neonatal adrenoleukodystrophy, infantile
neuronal ceroid lipofuscinosis (Haltia–Santavuori syndrome),
and olivopontocerebellar atrophy type III (also called SCA 6).
The latter two may be differentiated by inheritance (autosomal
recessive versus dominant respectively); the frequent occurrence
of seizures and microcephaly in the former, but not the latter;
and, in some cases, by the electron microscopic findings from
biopsies. Prenatal diagnosis is possible in NCL.59 SCA 6 results
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FIGURE 13-22. Peripheral retinal changes in Allagille syndrome. (Cour-
tesy of Dr. G.F. Judisch)



from expanded CAG repeats and exhibits anticipation. Genetic
testing of the CACNL1A4 gene is available.47a

Infantile Refsum disease, neonatal adrenoleukodystrophy,
and Zellweger’s syndrome overlap clinically; these are peroxi-
some biogenesis disorders caused by mutations in the PEX1
gene.85 Zellweger’s is the most severe, with hypotonia, seizures,
psychomotor retardation, pigmentary retinopathy, and cataracts
developing early in life. Neonatal adrenoleukodystrophy is very
similar, but patients have less extensive central nervous system
demyelination and live slightly longer. Refsum’s is the mildest.
All are autosomal recessive. Joubert’s syndrome is characterized
by respiratory irregularity, developmental delay, oculomotor
apraxia, and a retinal picture similar to Leber’s congenital amau-
rosis.41 In mucolipidosis IV, mental retardation, cloudy corneas,
a retinal dystrophy, and athetosis develop after the first few
months of life. The facies in mucolipidosis IV may be only min-
imally coarse. Congenital myotonic dystrophy can occur in chil-
dren born to affected mothers, but the retinal changes are rarely
present at birth.

If the onset of symptoms is in early childhood (roughly 2–10
years old), the late infantile (Jansky–Bielschowsky) or juvenile
(Batten) forms of NCL, Refsum disease, olivopontocerebellar
atrophy III (SCA 6), Kearns–Sayre syndrome, or Hallervorden–
Spatz syndrome should be suspected. Abetalipoproteinemia
(Bassen–Kornzweig) may also begin early in life with pigmen-
tary retinopathy, night blindness, and progressive ataxic 
neuropathy. With onset in adolescence or early adulthood, the
most common diagnoses are olivopontocerebellar atrophy
(SCA), Kearns–Sayre, Refsum disease, myotonic dystrophy, and
Flynn–Aird syndrome.

TREATABLE SYSTEMIC DISORDERS WITH
ASSOCIATED RETINOPATHY

Many systemic metabolic defects affect the retina, and several
of these are treatable (Table 13-3). The ophthalmologist may
have the first opportunity to make the correct diagnosis and to
refer the patient for treatment of the underlying systemic disor-
der. In some cases, treatment can halt progression of visual loss
and improve the patient’s overall well-being. Gyrate atrophy of
the choroid and retina is an autosomal recessive disorder caused
by a deficiency of the enzyme ornithine aminotransferase, with
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resultant hyperornithinemia. Retinopathy has been slowed 
in some patients by treatment with pyridoxine,88 proline,79 and
dietary restriction of protein and arginine.6,84

Homocystinuria is another recessive disorder that often has
severe systemic manifestations such as mental retardation and
thrombotic episodes. Patients treated with hydroxycobalamin,
with or without the medication betaine, have a better outcome.4

Metronidazole may also be helpful.2 Abetalipoproteinemia
(Bassen–Kornzweig disease) is a rare autosomal recessive disor-
der in which all major plasma lipids are reduced; this decreases
absorption of fat-soluble vitamins from the intestine, leading to
low levels of vitamin A and E. Oral supplementation with these
vitamins and vitamin K is helpful.6,24,63 Patients with classic
Refsum’s disease benefit from low phytol–low phytanic acid
diets.6 Plasmapheresis may be beneficial in some cases.61 Cysti-
nosis is a recessive condition in which progressive renal failure
accompanies crystalline corneal and retinal deposits. Systemic
cysteamine,22 topical cysteamine,35 growth hormone,90 and
carnitine20 may be beneficial.

Bone marrow transplantation and enzyme replacement
therapy are showing promise in clinical trials for some of the
mucopolysaccharidoses. Bone marrow transplantation is being
tried as a treatment for sickle cell and osteopetrosis. Because of
the liver abnormalities in Allagille syndrome, oral supplemen-
tation of vitamins A and E and of triglycerides may be helpful.
Syphilis should be treated with systemic antibiotics even in the
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TABLE 13-3. Some Treatable Systemic Disorders with Associated
Retinopathy.
a. Gyrate atrophy of the choroid and retina
b. Cobalamin C defects (methylmalonic aciduria/homocystinuria)
c. Abetalipoproteinemia
d. Cystinosis
e. Mucopolysaccharidoses
f. Refsum’s disease
g. Osteopetrosis
h. Allagille syndrome
i. Syphilis
j. Vitamin A deficiency

k. Remote effects of cancer
l. Oxalosis

m. Cogan’s syndrome
n. Idiopathic infantile hypercalcuria
o. Desferoxamine retinopathy



case of congenitally acquired disease. Vitamin A supplementa-
tion may reverse the affects of vitamin A deficiency.

Remote effects of cancer may appear as a pigmentary
retinopathy, but this is very rare in children. If this is suspected,
a search for and treatment of the underlying cancer should be
undertaken.

Oxalosis, which presents as widespread retinal crystals,
often with a “black macula,” may be primary or secondary; it
has been reported following methoxyflurane anesthesia, tamox-
ifen, rhubarb ingestion, or other agents.50,81 Recurrent renal
stones may lead to kidney failure before the age of 5 years. Pyri-
doxine, phosphate, and magnesium have been used to reduce the
precipitation of oxalic acid with calcium. Cogan’s syndrome
rarely includes retinopathy, but when it does it can sometimes
be reversed by prompt treatment with immunosuppressants, as
can the hearing loss.28 Treatment for renal stones in patients
with infantile hypercalcuria may be beneficial. If retinal toxic-
ity from desferoxamine is suspected, it should be stopped imme-
diately; often, vision and ERG will improve. In some cases, a
lower dose of desferal may be restarted without further vision
loss, but close follow-up is necessary.

Oral vitamin A may retard progression of common forms of
retinitis pigmentosa.6 However, testing in children has not been
done. Cryotherapy or laser ablation benefits many patients with
retinal vasculopathies.

In the future, gene therapy and medical therapies of retinal
dystrophies may add to the treatment armamentarium.
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Arteriovenous shunts, 221
Arteritis, Kawasaki’s disease-related,

221
Asthenopia, 397
Astigmatism, retinopathy of

prematurity-related, 317
Astrocytomas, retinal, 241–243
Ataxia

cerebellar, visual evoked potentials
in, 45–46

Friedreich’s, visual evoked
potentials in, 45–46

spinocerebellar, type 7, 167
Usher syndrome-related, 157

Ataxin 7, 167
Atropine, as myopia treatment, 401
Awareness, in physician-parent

interactions, 89

B
Bardet-Biedl syndrome, 27–28, 153,

158–159, 430, 432, 442
renal disease associated with, 444

Barkan’s-like membrane, 311
Bassen-Kornzweig syndrome. See

Abetalipoproteinemia
Batten disease. See Neuronal ceroid-

lipofuscinosis, infantile
“Bear tracks,” 230, 232, 243
Benign concentric annular macular

dystrophy, 116, 118
Berson color vision test, 31, 164
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Best’s disease (vitelliform dystrophy),
108–115, 148

carriers of, 110
as central vision impairment

cause, 103
differentiated from pattern

dystrophies, 119
electrophysiologic findings in,

31–32, 119
genetic factors in, 111–112
lipofuscin deposits in, 109, 110,

111, 112, 114, 115
pathophysiology of, 112, 114–115
reticular pigmentation associated

with, 119, 120
Bifocals, for myopic patients, 402
Bitot’s spots, 378, 379
“Black sunbursts,” 203, 204
Blindness. See also Visual

loss/impairment
cortical, normal flash visual

evoked potentials in, 51–52
hysterical, 430
legal, 141

myopia-related, 389, 394
retinitis pigmentosa-related,

153
Stargardt’s disease-related, 103

Norrie’s disease-related, 217
referrals and information resources

regarding, 92
retinitis pigmentosa-related, 141,

153
retinopathy of prematurity-related,

285, 286
Bloch-Sulzberger syndrome. See

Incontinentia pigmenti
Blood transfusions, as retinopathy of

prematurity risk factor, 294
Blunt trauma, of the head, child abuse-

related, 212
Blurred vision, pars planitis-related,

350, 352
Bone marrow transplantation

as mucolipidosis I treatment,
441–442

as mucopolysaccharidoses
treatment, 448

as osteopetrosis treatment, 43
Bone tumors, retinoblastoma-related,

268, 269
Brachydactyly, Bardet-Biedl syndrome-

related, 158–159

British Association for Perinatal
Medicine, 315

Bruch’s membrane
breaks in. See also Angioid streaks

in myopic eyes, 394, 395
drusen-related abnormalities of,

123–124
Sorsby’s fundus dystrophy-related

lipid deposits in, 126
Bruits, orbital, 221
Bull’s-eye maculopathy, 415, 430–432

Alström syndrome-related, 158
cone dystrophy-related, 162

Burian-Allen contact lens electrode, 10
Butterfly pattern dystrophy, 116, 117

C
Calcification

intracranial, toxoplasmosis-related,
358

periventricular, lymphocytic
choriomeningitis virus-related,
361

retinal astrocytoma-related, 242,
243

retinoblastoma-related, 255, 256,
268

sclerochoroidal, 239
uveal melanoma-related, 275

Cancer
pigmentary retinopathy associated

with, 449
referrals and information resources

regarding, 91
Canthaxanthine, toxicity of, 129, 351
Carbamazepine, as color vision loss

cause, 165
Carbonic anhydrase inhibitors, as

cystoid macular edema treatment,
149

Carboplatin, as retinoblastoma
treatment, 271, 272, 273

Cardiomyopathy, Leber’s congenital
amaurosis-related, 155

Cataracts
congenital rubella syndrome-

related, 439
electrophysiologic findings in, 39
erosive vitreoretinopathy-related,

187
hereditary snowflake vitreoretinal

degeneration of Hirose-related,
194, 195
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Cataracts (Continued)
incontinentia pigmenti-related, 213
juvenile rheumatoid arthritis-

related, 357, 358
Leber’s congenital amaurosis-

related, 155
leukocoria associated with, 314
medulloepithelioma-related, 276
pars planitis-related, 353
retinitis pigmentosa-related, 137

treatment of, 149
in retinopathy of prematurity

patients, 294–295
siderosis-related, 379, 380
Stickler syndrome-related, 186

Cats
as Toxocara catis host, 355, 434
as toxoplasmosis carrier, 361, 434

CD4 lymphocyte count, 368
Cellulitis, orbital, 253
Central areolar pigment epitheliopathy,

124
Central nervous system disorders,

hypomelanosis of Ito-related, 215
Central retinal artery occlusion, cherry-

red spots associated with, 416
Central retinal vein, carotid cavernous

fistula-related occlusion of, 221
Central vision impairment

North Carolina macular dystrophy-
related, 124–125

Stargardt’s disease-related, 103, 107
Cerebellar vermis, hypoplasia of, 156
Cerebral palsy

perinatal hypoxia-related, 52
referrals and information resources

regarding, 91–92
Cerebrospinal fluid analysis (CSF), for

syphilis diagnosis, 365–366
Chalcosis, 351, 379, 381
CHARGE association, 419

referrals and information resources
regarding, 92

Chediak-Higashi syndrome, 422
Chemoreduction, as retinoblastoma

treatment, 271
Chemotherapy

for retinoblastoma, 271–272
visual electrophysiologic effects of,

47
Cherry-red spots, 413, 414, 416
Chest compression, as Purtscher’s

retinopathy cause, 212, 213

Chiasmal abnormalities, visual evoked
potentials in, 48–51

crossed asymmetry of, 48, 49,
50–51

Child abuse
as Purtscher’s retinopathy cause,

213
as shaken baby syndrome cause,

212
Children’s Cancer Group (CCG), 257
Children’s Oncology Group (COG), 257

Retinoblastoma Steering
Committee, 273

Chlamydia infections, 434
Chlorambucil

as cystoid macular edema
treatment, 353

as sympathetic ophthalmia
treatment, 376

Chloroquine, 102
visual electrophysiologic effects of,

47
Chlorpromazine, as rod dysfunction

cause, 25
Choriocapillaris lobules,

hyperpigmentation near, 119, 120
Choriomeningitis, lymphocytic, 419,

421
Chorioretinal atrophy, 396–397, 434,

435, 436
Chorioretinitis, 434

Cogan syndrome-related, 442
incontinentia pigmenti-related, 213
lymphocytic choriomeningitis

virus-related, 361
Choristomatous malformation, of the

optic nerve, 255
Choroid

in albinism, 423
colobomas of, 239
dark/masked, Stargardt’s disease-

related, 104, 108, 118
infarctions of, 210, 211, 215
melanoma of, 227–228, 273, 274,

275
neurilemmoma of, 243
neurofibroma of, 243
nevi of, 226–228

misdiagnosed as
melanocytoma, 229

osteoma of, 237–240
sarcoidosis-related lesions of, 354,

355
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Choroid (Continued)
toxoplasmosis-related

inflammation of, 359
Choroidal neovascular membranes

(CNVM), 227
Choroideremia, 96, 436

carrier state of, 146
Choroiditis, histoplasmosis-related, 371
Chronic illness, referrals and

information resources regarding, 92
Chronic obstructive pulmonary disease,

419
Chronic progressive external

ophthalmoplegia, 30
CHRPE. See Congenital hypertrophy of

the retinal pigment epithelium
Churg-Strauss syndrome (allergic

granulomatosis), 202, 216
Ciliary body, melanoma of, 274, 275
Ciliary spasms, in myopic eyes, 390
Ciliodestructive procedures, as

retinopathy of prematurity-related
glaucoma treatment, 311

Cilioretinal artery occlusion, cherry-red
spots associated with, 416

Circadian rhythm, effect on
electroretinography findings, 10

CLAMP (Contact Lens and Myopia
Progression) study, 402–403

Clarity, in physician-parent
interactions, 89

Cleft palate, Stickler syndrome-related,
184, 398–399

Closed-circuit television, 18–19
Coats’ disease, 202, 206–208

anomalous retinal blood vessels in,
416–417

staging classification of, 207–208
Cockayne syndrome, 437, 444

hearing loss associated with, 439
COG. See Children’s Oncology Group
Cogan syndrome, 442, 449
COL2A1 gene mutations, 37
Collaborative Ocular Melanoma Study

(COMS), 275
Collagen, as vitreous component, 

390
Collagen II, Stickler syndrome-related

abnormalities in, 184
College of Ophthalmologists, 315
Colobomas

choroid, 239
of the eyelids, 239

of the iris, 239
macular, 414, 419–421
nevus sebaceous of Jadassohn-

related, 239
of the optic disc, 239
retinal, systemic disorders-

associated, 437
Colon, adenocarcinoma of, 232
Color blindness. See Dyschromatopsias
Color vision, retinitis pigmentosa-

related loss of, 149
Color vision testing, 163
Compassion, in physician-parent

interactions, 89
Computed tomography (CT), of

retinoblastoma, 267–268
COMS (Collaborative Ocular

Melanoma Study), 275
Cone dystrophies, 135–136, 162–163

a-wave amplitude in, 7
progressive, flash electroretinogram

in, 24–25
Cone monochromatism, 24–25
Cone-rod dystrophies, autosomal

dominant, 162–163
Cones, electroretinography of, 4, 5–6,

22, 23
Congenital heart disease, incidence of,

247
Congenital hereditary endothelial

dystrophy (CHED), 39, 40
Congenital hypertrophy of the retinal

pigment epithelium (CHRPE),
230–234

inherited gastrointestinal polyposis
associated with, 232–234

Congenital rubella syndrome, 351,
363–365, 428–429, 432–433, 439

Congenital vascular loops, 202,
222–223

Connective tissue disorders, myopia
associated with, 434

Consideration, in physician-parent
interactions, 88

Contact lens, for myopic patients,
402–403

Contact lens electrodes, 9, 10, 21
Copper-containing foreign bodies, 

381
Corneal crystals, 445
Corneal dystrophy, as retinopathy of

prematurity-related glaucoma risk
factor, 311
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Corneal haze/opacity
electrophysiologic findings in,

38–39
fucosiderosis-related, 418
photorefractive keratectomy-

related, 403
Corneal pannus, hypomelanosis of Ito-

related, 215
Cornea verticillata, 418
Corticosteroids

as acute posterior multifocal
placoid epitheliopathy (APMPPE)
treatment, 382

as acute retinal necrosis treatment,
363

as Cogan syndrome treatment, 442
contraindication in juvenile

rheumatoid arthritis, 357–358
as pars planitis treatment, 353
as retinopathy of prematurity-

related glaucoma treatment, 311
as sarcoidosis treatment, 355
as sympathetic ophthalmia

treatment, 374, 376
as Vogt-Koyanagi-Harada syndrome

treatment, 376–377
“Cotton- wool spots,” 204, 210

AIDS-related, 367
Purtscher’s retinopathy-related,

212, 213
Takayasu’s arteritis-related, 216

Craniofacial dysostosis,
electrophysiologic findings in, 
43–44

Craniopharyngiomas,
electrophysiologic findings in, 48–49,
54

Creutzfeldt-Jakob disease, 9
Crohn’s disease, pattern dystrophies-

related, 119
Crouzon syndrome, 43
CRYO-ROP. See Multicenter Trial of

Cryotherapy for Retinopathy of
Prematurity (CRYO-ROP)

Cryotherapy
for infratentorial hemangiomas,

209
for retinoblastoma, 271
for retinopathy of prematurity, 285,

292. See also Multicenter Trial
of Cryotherapy for Retinopathy
of Prematurity (CRYO-ROP)

as myopia risk factor, 398

for sickle retinopathy, 206
for toxocariasis, 356

Crystalline retinal dystrophies, 128–129
Cyclomydril eye drops, 317
Cyclopentolate, 317
Cycloplegic agents

as retinopathy of prematurity-
related glaucoma treatment, 311

as syphilitic uveitis treatment, 367
as toxocariasis treatment, 356

Cyclosporin A, 358
Cyclosporine, 353

as retinoblastoma treatment, 273
as sympathetic ophthalmia

treatment, 376
as Vogt-Koyanagi-Harada syndrome

treatment, 377
Cystinosis, 444–445

differentiated from crystalline
retinal dystrophy, 129

treatment of, 448
Cysts, von Hippel-Lindau syndrome-

related, 208–209
Cytomegalovirus infections, 432, 433

in AIDS patients, 367–369

D
Dalen-Fuchs nodules, 374
Darier’s disease, 436, 437
Dark adaptometry, 102, 141, 145
Deafness. See also Hearing loss

Alström syndrome-related, 158
Leber’s congenital amaurosis-

related, 155
Norrie’s disease-related, 314
referrals and information resources

regarding, 92
retinopathies associated with,

437–442
Dermatological disorders, retinal

disease-associated, 436, 437
Desferoxamine, toxicity of

adverse ocular effects of, 102, 432
as retinitis pigmentosa mimic,

149–150
visual electrophysiologic effects of,

47
Deuteranomaly, 163–164
Deuteranopia, 164
D-15 color vision test, 163
Diabetes mellitus

Alström syndrome-related, 158,
444
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Diabetes mellitus (Continued)
as maternally inherited diabetes

and deafness (MIDD) component,
119

retinal neovascularization in, 418
retinopathy of, 202, 210

Diagnosis, of child’s disability, parental
response to, 82–95

grieving process, 82–95
physician’s role in, 88–91
resources and referrals for, 91–95

Dichomats, 163
Diffuse unilateral subacute

neuroretinitis (DUSN), 165, 351,
369–371

Diktyomas (medulloepitheliomas),
276–278

Dogs, as Toxocara canis hosts, 355
Dominant progressive foveal dystrophy,

124
Down syndrome (trisomy 21), 421
Drug toxicity. See also names of

specific drugs
electrophysiologic findings in,

46–47
Drusen, 101, 121–124

as central vision impairment
cause, 103

choroidal nevus-related, 227, 228
cuticular/basal laminar, 121, 122,

123, 124
histopathology of, 123–124
natural history of, 123
of the optic nerve, 446
Sorsby’s fundus dystrophy-related,

126
Dwarfism

Kneist dysplasia-related, 399
short-limbed, Jeune’s syndrome-

related, 442, 444
thoracic, 442

Dyschromatopsias (color blindness),
163–165

autosomal recessive incomplete,
visual evoked potentials in, 41

congenital, 135–136
X-linked, visual evoked potentials

in, 41
Dysplasia

asphyxiating thoracic (Jeune’s
syndrome), 442

epiphyseal, Stickler syndrome-
related, 183, 185

Kneist, 399
retinal, retinal detachment

associated with, 424
vitreoretinal, 415, 427

Dystrophies
Becker muscular,

electroretinographic findings in,
35

cone, 135–136, 162–163
a-wave amplitude in, 7
progressive, flash

electroretinogram in, 24–25
crystalline retinal, 128–129
Duchenne’s muscular,

electroretinographic findings in,
35–36

fascioscapulohumeral, 202,
217–218

macular
fenestrated sheen, 127–128
North Carolina, 32, 124–126,

419, 421
slowly progressive, 118

Malattia Levetinese and Doyne
honeycomb retinal, 124

myotonic, 447
pattern, 115–120

benign concentric annular
macular, 116, 118

butterfly, 116, 117
as central vision impairment

cause, 103
Mesker’s macroreticular,

115–116
peculiar foveomacular, 116,

117
Sjögren’s reticular dystrophy,

115
rod/cone

Bardet-Biedl syndrome-related,
158

progressive. See Retinitis
pigmentosa

scapuloperoneal, 218
Sorsby’s fundus, 126–127
vitelliform. See Best’s disease

E
Eales’ disease, 202, 213
Early Treatment for Retinopathy of

Prematurity study, 333
Ectopia, retinopathy of prematurity-

related, 302
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Edema, retinal, 416
cherry-red spots associated with,

416
cystoid macular, 139

autosomal dominant
neovascular inflammatory
vitreoretinopathy-related,
198

autosomal dominant
vitreoretinochoroidopathy-
related, 196, 197

differentiated from Goldmann-
Favre syndrome, 187–188

juvenile rheumatoid arthritis-
related, 357

pars planitis-related, 352,
353–354

treatment of, 149
incontinentia pigmenti-related, 213
macular

diabetic, 210
Goodpasture’s syndrome-

related, 215
EFEMP1 gene mutations, 124
E-Ferol, 322
Ehlers-Danlos VI syndrome, 426
Electrodiagnostic tests

advantages of, 1–2
functional sensitivity of, 2
graphic depiction of results of, 2

Electro-oculography (EOG), 12
amplitude of, 12
in Best’s disease, 32, 111, 112, 113,

148
definition of, 1
diagnostic applications of, 38
electrodes in, 12
in Goldmann Favre syndrome, 36
in inherited ocular disease, 102
International Society for Clinical

Electrophysiology of Vision
standards for, 12

technique for, 12
Electrophysiology, pediatric visual, 1-3.

See also Electro-oculography (EOG);
Electroretinography (ERG); Visual
evoked potentials (VEPs)

future of, 59
Electroretinography (ERG)

a-waves in
evaluation of, 22
maturation of, 24

blue-cone, 31

b-waves in
effect of fundal pigmentation

on, 10
evaluation of, 22
in hereditary vitreoretinal

degeneration of Hirose, 195
maturation of, 24

in combination with visual evoked
potentials, 2, 21–23

GOS pediatric protocol for,
21–23

in infants with nystagmus, 
54

cone-mediated, 4, 5–6
a-waves in, 5–6
b-waves in, 5–6
elicitation of, 22, 23

in congenital rubella, 429
in congenital stationary night

blindness, 156, 160–161
c-waves in, 8
definition of, 1
d-waves in, 8
effect of anesthesia on, 21
flash (FERG), 3

a-waves in, 5, 6–7
b-waves in, 5, 7
diagnostic applications of,

24–37
in Goldmann Favre syndrome,

36, 37
in hydrocephalus, 52
in intraocular hemorrhage,

39–40
in neuronal ceroid-

lipofuscinosis, 36
in ocular opacities, 38–40
processes and components of,

5–8
skin electrode recordings in, 9

flicker, 8
in Goldmann-Favre syndrome, 36,

37, 188
in gyrate atrophy, 167
in infants, 148
in inherited ocular disease, 102
International Society for Clinical

Electrophysiology of Vision
(ISCEV) standards for, 19–23

for dark-adapted responses, 20
for light-adapted responses, 20
for recording in young

children, 21–23
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Electroretinography (ERG) (Continued)
in Leber’s congenital amaurosis, 156
maturation of, 24
multifocal (mfERG), 3–4
“negative,” 32–36

clinical conditions associated
with, 32–36

definition of, 32–33
Schubert-Bornschein, 32–33

in normal patients, 146
origins of, 4–5, 4–9
paired-flash, 5
pattern (PERG), 3, 8–9

diagnostic applications of, 37
GOS pediatric protocol for, 23
in maculopathies, 40–41
in rod dysfunction, 25
signal averaging of, 11

physical factors affecting, 10
physiological factors affecting, 10
recording methods in, 9–11

amplification, 10–11
averaging, 11
electrodes, 9–10, 21

in retinitis pigmentosa, 136,
145–148, 151

rod-mediated, 4, 6
b-waves in, 6
elicitation of, 22, 23
sinusoidal, 8

scotopic threshold response (STR)
in, 8

in siderosis, 379, 380, 381
signal averaging of, 11
in X-linked juvenile retinoschisis,

190
Embryotoxon, posterior, 446
Encephaloceles, 399, 427
Endarterectomy, as Takayasu’s arteritis

treatment, 216
Enhanced S-cone sensitivity (ESCS)

syndrome, 36–37, 166
Enterocolitis, necrotizing, 322
Enucleation

as intraocular retinoblastoma
treatment, 271, 272

as medulloepithelioma treatment,
277, 278

EOG. See Electro-oculography (EOG)
Epiphyseal dysplasia, Stickler

syndrome-related, 183, 185
Epiretinal membranes

pars planitis-related, 353–354

toxocariasis-related, 356
Episcleritis, 215
Epitheliopathy, acute posterior

multifocal placoid pigment
(APMPPE), 381–382

ERG. See Electroretinography (ERG)
Erosive retinopathy, 37
Esotropia, 255

accommodative, 397
Etanercept, 358
Ethambutol, visual electrophysiologic

effects of, 47
Etoposide, as retinoblastoma treatment,

271, 272, 273
Exophthalmos, carotid cavernous

fistula-related, 221
Exudates, subretinal, 206, 207, 208, 

209
Eyelids, colobomas of, 239

F
Fabry’s disease

petechial lesions associated with,
437

retinal vascular tortuosity
associated with, 416, 418

treatment of, 419
Facial anomalies

retinal disorders associated with,
437, 444

Stickler syndrome-related,
182–183, 184, 398–399

Familial adenomatous polyposis, 232,
233

Familial exudative vitreoretinopathy
(FEVR), 179, 191–194, 313, 314, 
424

Familial retinal arteriolar tortuosity,
416–417

Fascioscapulohumeral dystrophy, 202,
217–218

Fenestrated sheen macular dystrophy,
127–128

Fetal hydrops, 316
Fibroblast growth factor receptor gene

mutations, 43
“Fishtail lesions,” 233
Fistulas, carotid cavernous, 202, 221
Fleck retina of Kandori, 161
Flecks, 101

Stargardt’s disease-related, 103, 105
Flies, ocular infestations with

(ophthalmomyiasis), 351, 369
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“Floaters”
definition of, 178
in myopic eyes, 390–391
pars planitis-related, 350, 352
toxoplasmosis-related, 359

Flynn-Aird syndrome, 437, 439, 447
Folinic acid, as toxoplasmosis

treatment, 359, 360–361
Foreign bodies, intraocular retained

metallic, 379–381
Foscarnet, as cytomegalovirus retinitis

treatment, 368–369
Fovea

hypoplasia of, 51, 414, 421–424
Stargardt’s disease-related

dysfunction of, 32
Foveal avascular zone, in cicatricial

retinopathy of prematurity, 310
Foveal schisis, 189
Franceschetti, oculodigital sign of, 155
Freckles, choroidal, 226–227
Fuch’s spots, 395–396
Fucosidosis, 418
Fundus

in anemia, 218
in Goldmann-Favre syndrome, 187,

188
in hypertensive retinopathy, 210
in hyperviscosity syndromes, 220
in myopic eyes, 388, 391–397
ophthalmoscopic appearance in

retinal diseases, 413–436
angioid streaks, 415, 426–427
bull’s-eye maculopathy, 415,

430–432
cherry-red spots, 413, 414, 416
congenital retinal disease, 415,

432–434
foveal hypoplasia, 414,

421–424
“fried-egg” appearance, 31–32
geographic pigmentary

disturbances, 415, 434–436
leukocoria, 415, 436
macular colobomas, 414,

419–421
“peau d’orange” appearance,

437, 441
retinal detachment, 414,

424–426
“salt-and-pepper” mottling,

363–364, 365, 366, 415,
427–429

“scrambled-egg” appearance, 32
vascular tortuosity, 414,

416–419
vitreoretinal dysplasia or

aplasia, 415, 427
pigmentation of

effect on electroretinogram, 10
geographic disturbances of,

415, 434–436
in retinitis pigmentosa, 135,

137, 138, 139–140
retinitis pigmentosa-related

abnormalities of, 135, 137, 138,
139–140, 153, 154

bone-spicule
hyperpigmentation, 137,
138, 139–140

in retinoblastoma, 253, 254, 255
“salt-and-pepper” mottling of, 415,

427–429
rubella-related, 363–364, 365
syphilis-related, 365, 366

in shaken baby syndrome, 212
in sickle cell disease, 203–204

Fundus albipunctatus (FAP), 139–140,
161

Fundus flavimaculatus, 32, 105, 107,
120, 430

Fundus pulverulentus, 115, 116

G
Ganciclovir, as cytomegalovirus

retinitis treatment, 368–369
Ganzfeld effect, 40
Gardner’s syndrome, 232
Geographic pigmentary disturbances,

415, 434–436
German measles. See Rubella
Gestational age, low, as retinopathy of

prematurity risk factor, 285–286, 289,
294, 315

Glaucoma
albinism-related, 424
aniridia-related, 424
carotid cavernous fistula-related,

221
juvenile rheumatoid arthritis-

related, 357
medulloepithelioma-related, 276
pars planitis-related, 353
retinoblastoma-related, 253, 254
retinopathy of prematurity-related,

310–311, 317
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Glaucoma (Continued)
siderosis-related, 379
Stickler syndrome-related, 182

Gliomas
chiasmal, 48
electrophysiologic findings in, 44,

54
of the optic nerve,

electrophysiologic findings in, 44
Goldmann-Favre syndrome, 166, 179,

187–188
electrophysiologic findings in,

36–37
Goldmann visual fields, in rhodopsin-

associated retinitis pigmentosa, 143
Goltz syndrome, 419, 437
Goodpasture’s syndrome, 202, 215–216
Gorgonia flabellum, 204
G-protein, role in phototransduction,

6–7
Granulomas

choroidal, toxocariasis-related, 355,
356

noncaseating, sarcoidosis-related,
354

Granulomatosis, allergic (Churg-Strauss
syndrome), 202, 216

Grass PS22 photic stimulator, 22–23
Growth hormone deficiency, 444
Guanylate cyclase 2D gene mutations,

162–163
Gyrate atrophy, 26–27, 96, 166–167,

434, 435, 436, 447–448
in myopic eyes, 399

H
HAART (highly-active anti-retroviral

therapy), 369
Hallervorden-Spatz syndrome, 430, 447
Haltia-Santavuori syndrome, 159, 430,

446
Hamartomas

astrocytic, 241–243
differentiated from

retinoblastoma, 254
neurofibromatosis-related, 243
tuberous sclerosis-related,

241–243, 254
combined, of the retinal pigment

epithelium and retina, 235–237
congenital hypertrophy of the

retinal pigment epithelium-
related, 232–233

nonvascular, 226–245
choroidal nevus, 226–228
choroidal osteoma, 237–240
CHRPE lesions, 232–234
combined hamartoma of the

retinal pigment epithelium
and retina, 235–237

congenital hyperplasia of the
retinal pigment epithelium,
234–235

congenital hypertrophy of the
retinal pigment epithelium,
230–232

gastrointestinal polyposis,
232–234

melanocytoma (magnocellular
nevus), 229–230

neurofibromatosis, 243
tuberous sclerosis, 241–243

of the retinal pigment epithelium,
274

Hardy Rand Ritler color vision testing
plates, 163

Head trauma, as shaken baby syndrome
cause, 212

Hearing loss
Alström syndrome-related, 429
Cockayne syndrome-related, 441
Cogan syndrome-related, 449
congenital rubella-related, 429, 

439
congenital syphilis-related, 429
fascioscapulohumeral dystrophy-

related, 217–218
Norrie’s disease-related, 217, 427
retinitis pigmentosa-related, 157
Stickler syndrome-related, 184,

398–399
Usher syndrome-related, 28, 157
Vogt-Koyanagi-Harada syndrome-

related, 376
Hemangioblastomas, infratentorial,

208, 209
Hemangiomas

capillary
anomalous retinal blood

vessels in, 416–417
von Hippel disease-related,

208, 242–243
cavernous, 209, 416–418
choroidal, 209
facial, 237
racemose, 416–417
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Hemianopia, visual evoked potentials
in, 16, 17

Hemoglobin C, 201, 203
Hemoglobin S, 201, 203
Hemoglobin SC, 204
Hemorrhage

intraocular, electrophysiologic
findings in, 39–40

macular, in myopic eyes, 394–396
retinal

acute retinal necrosis-related,
362

anemia-related, 218
incontinentia pigmenti-related,

213
leukemia-related, 219, 

278–279
in myopic eyes, 394–396

“salmon patch,” 203, 204
subarachnoid, Terson’s syndrome-

related, 210–211
subdural, 211
vitreous

autosomal dominant
neovascular inflammatory
vitreoretinopathy-related,
198

autosomal dominant
vitreoretinochoroidopathy-
related, 197

congenital vascular loops-
related, 222–223

differentiated from Norrie’s
disease, 424

juvenile X-linked retinoschisis-
related, 191

pars planitis-related, 353–354
retinoblastoma-related, 252,

253
shaken baby syndrome-related,

212
sickle cell disease-related, 204,

206
Takayasu’s arteritis-related,

216
Terson’s syndrome-related,

210–211
X-linked juvenile retinoschisis-

related, 166
Hepatitis B virus, as ERG electrode

contaminant, 9
Hereditary progressive arthro-

ophthalmopathy, 182

Hereditary snowflake vitreoretinal
degeneration of Hirose, 179, 194–196

Heritable disorders, of retinal pigment
epithelium, Bruch’s membrane, and
the choriocapillaris, 96–134

bilateral lesions of the posterior
pole

Best’s disease (vitelliform
dystrophy), 108–115

crystalline retinal dystrophies,
128–129

drusen, 121–124
fenestrated sheen macular

dystrophy, 127–128
general approach to, 100–103
North Carolina macular

dystrophy, 124–126
pattern dystrophies, 115–120
Sorsby’s fundus dystrophy,

126–127
Stargardt’s disease, 103–108

ophthalmoscopically-based
nomenclature for, 97–98, 99–100

Hermansky-Pudlak syndrome, 422
Herpes simplex virus, as retinitis cause,

369
Herpes virus infections, 432
Herpes zoster virus, as retinitis cause,

369
Heterochromia iridis, 442

hypomelanosis of Ito-related, 215
Highly-active anti-retroviral therapy

(HAART), 369
High-protein diet, as color vision loss

cause, 165
Hip dislocation, congenital, incidence

of, 247
Histoplasma capsulatum, as

histoplasmosis cause, 371
Histoplasmosis, presumed ocular

syndrome of (POHS), 351, 371–373
HLA-DR2 suballele-DR1501, 350
Homocystinuria, 416, 448

corneal opacities associated with,
38

HTLV-1 (human T-lymphotropic virus),
351, 361

Human immunodeficiency virus (HIV)
infection, 433, 434

Human papilloma virus (HPV), as
retinoblastoma risk factor, 257–258

Human T-lymphotropic virus (HTLV-1),
351, 361
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Hunter’s syndrome, 29
Hurler syndrome, 29
Hutchinson’s teeth, 365
Hyaluronic acid, as vitreous

component, 178, 390
Hydrocephalus

lymphocytic choriomeningitis
virus-related, 361

referrals and information resources
regarding, 92–93

toxoplasmosis-related, 358
visual evoked potentials in, 51,

52–53
Hypercalciuria, idiopathic, 444
Hypercarbia, as retinopathy of

prematurity risk factor, 293
Hyperornithinemia, 436, 447–448
Hyperpigmentation, congenital

hypertrophy of the retinal pigment
epithelium-related, 230, 231

Hypertension, ocular, Stickler
syndrome-related, 182

Hyperviscosity syndromes, 202,
219–220

branch retinal vein occlusions
associated with, 222

Hyphema
congenital vascular loops-related,

222–223
retinoblastoma-related, 252, 

253
Hypocarbia, as retinopathy of

prematurity risk factor, 293
Hypogonadism

Alström syndrome-related, 158
Bardet-Biedl syndrome-related, 432,

442, 443
Hypomelanosis of Ito, 202, 215
Hypopigmentation

congenital hypertrophy of the
retinal pigment epithelium-
related, 230, 231

vitiligo-related, 437
Vogt-Koyanagi-Harada syndrome-

related, 437
Hypoxemia, as retinopathy of

prematurity risk factor, 293
Hypoxia

perinatal, visual evoked potentials
in, 52

as retinopathy of prematurity risk
factor, 289–293

sickle cell disease-related, 203

I
Ichythyosis, 436, 437
Immunocompetent patients. See also

Acquired immunodeficiency
syndrome (AIDS); Human
immunodeficiency virus (HIV)
infection

acute retinal necrosis in, 361–363
Immunoglobulin G

deposition in the basement
membrane, 215

as toxoplasmosis marker, 359
Immunoglobulin M, as toxoplasmosis

marker, 359
Immunosuppressive therapy, for

Goldmann-Favre syndrome, 188
Incontinentia pigmenti, 202, 213–215,

419, 427, 437
treatment of, 419
vitreoretinal dysplasia associated

with, 427
Indomethacin

as retinopathy of prematurity risk
factor, 294

visual electrophysiologic effects of,
46

Infants, electroretinography testing in,
148

Infarction, choroidal, 210, 211, 215
Infectious diseases, of the retina and

vitreous
acquired immunodeficiency

syndrome (AIDS), 351, 367–369
histoplasmosis, 351, 371–373
lymphocytic choriomeningitis

virus (LCMV) chorioretinitis, 
361

syphilis, 351, 365–367
toxocariasis, 351, 355–357
toxoplasmosis, 351, 358–361

Inflammatory diseases, of the retina
and vitreous

differentiated from inherited
disease, 102

pars planitis, 350, 351, 352–354
sarcoidosis, 351, 354–355

International Classification of
Retinopathy of Prematurity (ICROP),
295–302, 316

extent (“clock hours”) parameter
of, 295, 296, 299

location zone parameter of,
295–296
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International Classification of
Retinopathy of Prematurity (ICROP)
(Continued)

severity (stages) parameter of, 295,
296–302, 303–309, 418–419

International Federation of Clinical
Neurophysiology, 2

International Society for Clinical
Electrophysiology of Vision (ISCEV),
2, 8–9

standards of, 145
for electro-oculography, 12,

19–20
for electroretinography, 19–23
for visual evoked potentials,

19–20
International Symposium on

Retinoblastoma, Franceschetti
Lecture, 271

Intracranial pressure (ICP), in
hydrocephalus, 52–53

Intraocular pressure (IOP), in myopic
eyes, 389, 403

Iridescent spots, 203–204
Iridocyclectomy, as

medulloepithelioma treatment, 278
Iridocyclitis

antiretroviral therapy-related, 369
corticosteroid treatment of, 355

Iris
atrophy of, sickle cell disease-

related, 204, 205
coloboma of

hypomelanosis of Ito-related,
215

nevus sebaceous of Jadassohn-
related, 239

hypoplasia of, aniridia-related, 422,
423

melanoma of, 274
Iris transillumination defects, 421, 422
Iron-containing foreign bodies, 379–381
Ischemia, Takayasu’s arteritis-related,

216
Ishihara color vision testing plates, 163,

164

J
Jansky-Bielschowsky syndrome, 159,

430, 447
Jaundice

neonatal, 445
toxoplasmosis-related, 358

Jeune’s syndrome, 442
Joints, Stickler syndrome-related

degeneration of, 182–183
Joubert syndrome, 447

electrophysiologic findings in,
28–29

as Leber’s congenital amaurosis
mimic, 156

K
Kawasaki’s disease, 202, 220–221
Kayser-Fleischer rings, 381
Kearns-Sayre syndrome, 30, 442, 

447
Keratectomy, photorefractive, 403
Keratitis, interstitial

Cogan syndrome-related, 442
congenital syphilis-related, 429

Keratoconus, Leber’s congenital
amaurosis-related, 155

Keratopathy, band, 357
Keratorefractive surgery, 403
Kidney disease. See Renal disease
Kneist dysplasia, 399
Knobloch syndrome, 399
Kuf’s disease, electrophysiologic

findings in, 36

L
“Lacquer cracks,” 394, 395
Lactic acidosis and stroke-like episodes

(MELAS), 30
Larva migrans, visceral, 355–356
Laser in situ keratomileusis (LASIK),

403
Laser Retinopathy of Prematurity

(ROP) Study, 333
Laser therapy. See also

Photocoagulation
for choroidal neovascular

membranes, 238
for choroidal nevus, 227
for Goldmann-Favre syndrome, 

188
for retinopathy of prematurity, 285,

292, 330–333
for sickle retinopathy, 206

Lattice degeneration, 179, 180–182
in myopic eyes, 391, 393

Lawrence-Moon-Bardet-Biedl syndrome,
159, 432

referrals and information resources
regarding, 93
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Leber’s congenital amaurosis, 135, 136,
155–157, 422

animal model of, 150
definition of, 155
electrophysiologic findings in,

24–25, 54
genetic loci for, 32
macular colobomas associated

with, 421
Senior-Loken syndrome-associated,

444
Leber’s congenital neuropathy, visual

evoked potentials in, 44
Leber’s hereditary optic atrophy

(LHOAD), 30
Leigh’s disease, 30
Leiomyomas, 439
Lens

Fabry’s disease-related opacity of,
439

thickness of, in retinopathy of
prematurity, 310

Lensectomy, as retinopathy of
prematurity-related glaucoma
treatment, 311

Lenticonus
Alport syndrome-related, 445
anterior, 439

Leucodystrophies
electrophysiolgic findings in, 

53
metachromatic, 53

Leukemia, ocular manifestations of,
202, 219, 278–280

Leukocoria, 415, 436
medulloepithelioma-related, 276,

277
Norrie’s disease-related, 314
parental detection of, 249, 250
retinoblastoma-related, 249, 250,

251
retinopathy of prematurity-related,

313, 314
Leukovorin (folinic acid), as

toxoplasmosis treatment, 359,
360–361

Lids, colobomas of, 239
Lid speculum, for use in premature

infants, 318
Light, as retinopathy of prematurity

risk factor, 294–295
Linear nevus sebaceous syndrome (of

Jadassohn), 239

Lipofuscin deposits
in Best’s disease, 109, 110, 111,

112, 114, 115
drusen as, 121–124

Lipopigment storage diseases. See
Neuronal ceroid-lipofuscinosis

Liver disease, retinopathy associated
with, 445–446

Low birth weight, as retinopathy of
prematurity risk factor, 285–286, 289,
315

Low vision, in children, 75–81
clinical assessment of, 76–80
clinical features of, 76
incidence of, 75–76

Low-vision aids, 76–80
for myopic patients, 402
for Stargardt’s disease patients, 

108
Lutein, effect on macular pigmentation,

150
Lymphocytic choriomeningitis virus

(LCMV), 351, 361, 434
Lysyl dehydrogenase deficiency, 426

M
Macroglobulinemia, Waldenström’s,

219–220
Macula. See also Maculopathy

“black,” 449
choroidal nevus-related lesions of,

227
colobomas of, 414, 419–421
ectopic, familial exudative

vitreoretinopathy-related,
193

edema of, diabetes-related, 
210

hemorrhage in, in myopic eyes,
394–396

hyperpigmentation of, in myopic
eyes, 397

retinoblastoma-related destruction
of, 249

slowly progressive dystrophy of,
118

tuberous sclerosis-related tumors
of, 241

underdeveloped avascular zone in,
310

Macular degeneration, 101
age-related, 121
angioid streaks-related, 426
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Maculopathy
bull’s-eye, 415, 430–432

Alström syndrome-related, 158
cone dystrophy-related, 162

cystoid
Goldmann Favre syndrome-

related, 36–37
stellate, 189–190

electrophysiologic findings in,
31–32, 40–41

linear pigmentary, 119
Magnetic resonance imaging (MRI), of

retinoblastoma, 267–268
Malaria, relationship with sickle cell

disease, 201
Malattia Levetinese and Doyne

honeycomb retinal dystrophy, 124
Maple syrup urine disease, 52
Marfan syndrome, referrals and

information resources regarding, 
93

Maroteaux-Lamy syndrome, 29
Maternally inherited diabetes and

deafness (MIDD), 119
Mechanical ventilation, as retinopathy

of prematurity risk factor, 294
Medulloepitheliomas (diktyomas),

276–278
Melanocytomas, 274–275
Melanoma

choroidal, 227–228, 273, 274, 275
neurofibromatosis-related, 243
uveal, 273–275

Melanoma-associated retinopathy, 33
MELAS (lactic acidosis and stroke-like

episodes), 30
Melatonin

as color vision loss cause, 165
as photoreceptor degeneration

prophylaxis, 150
Meningiomas, orbital, 419
Mental retardation

Bardet-Biedl syndrome-related, 158,
432, 442

Norrie’s disease-related, 314, 427
referrals and information resources

regarding, 93
MERRF (myoclonic epilepsy with

ragged red muscle fiber), 30
Mesker’s macroreticular dystrophy,

115–116
Metabolic disorders, cherry-red spots

associated with, 414

Metallic foreign bodies, ocular, 351,
370–381

Metamorphopsia
Best’s disease-related, 109
pattern dystrophy-related, 118

Metarrhodopsin II, 6–7
Methotrexate

as juvenile rheumatoid arthritis
treatment, 258

as pars planitis treatment, 353
as sympathetic ophthalmia

treatment, 376
Methoxyflurane, 129
Michaelis-Menten equation, 7
Microaneurysms, Takayasu’s arteritis-

related, 216
Microcephaly

lymphocytic choriomeningitis
virus-related, 361

toxoplasmosis-related, 358
Microcornea, retinopathy of

prematurity-related, 310
Microphthalmia

colobomatous, 419
hypomelanosis of Ito-related, 215
incontinentia pigmenti-related, 

213
with linear skin defects, 437
Norrie’s disease-related, 217
retinopathy of prematurity-related,

310
toxoplasmosis-related, 358–359

Microphthlamos. See Microphthalmia
Microvolts, 2
Mitochondrial disease,

electrophysiology of, 30
Mitochondrial encephalomypathy, 30
Mitochondrial inheritance, of retinitis

pigmentosa, 135
Mitochondrial neurogastrointestinal

encephalopathy (MNGIE), 30
Mizuo-Nakamura phenomenon, 161
Molecular biology, 99–100, 167
Molecular testing, in retinitis

pigmentosa patients, 148–149
Morquio syndrome, 29
Mucocutaneous lymph node syndrome,

220–221
Mucolipidoses

type I, 441–442
type II, 441
type III, 441
type IV, 447
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Mucopolysaccharidoses (MPS)
bone marrow treatment of, 448
corneal opacities associated with,

38
electroretinography of, 29
visual evoked potentials in, 29

Mueller cells, 190
“Mulberry” lesions, 242, 243
Müller cells, potassium ion surface

conductivity in, 4–5
Multicenter Trial of Cryotherapy for

Retinopathy of Prematurity (CRYO-
ROP), 285, 286–289, 294, 296, 315,
316, 320, 324–330, 331, 333

results of, 327–329
selection of patients for, 329–330

Multiple myeloma, 219, 220
Multiple sclerosis

pars planitis-related, 353
visual evoked potentials in, 

41–42
Mydriatic drops, 246, 248–249
Myelination, neonatal, 24
Myoclonic epilepsy with ragged red

muscle fiber (MERRF), 30
Myopathy, mitochondrial, 30, 429
Myopia, 387–410

accommodation in, 389, 400
autosomal dominant, 399, 400
clinical assessment of, 397–398
clinical features of, 390–397

fundal changes, 391–397
vitreous changes, 390–391

congenital stationary night
blindness-related, 34, 160

definition of, 387
effect of ambient light on, 389–390
etiology of, 388–390
genetic factors in, 389–390,

399–400
gyrate atrophy-related, 436
high, 389, 400, 402

complications of, 404
unilateral, 398

hypomelanosis of Ito-related, 215
incidence and prevalence of,

387–388, 399
intermediate, 388, 389

fundus in, 391, 392–393
intraocular pressure in, 389, 403
lattice degeneration associated

with, 391, 393
low-vision aids for, 402

macular colobomas associated
with, 419, 420, 421

night, 390
overcorrection of, 397
pathological, 389

chorioretinal degeneration
associated with, 434, 435

fundus in, 391, 393
treatment of, 401

physiological (correlation), 388, 389
fundus in, 391
natural history of, 397–398

in premature infants, 309
prevention of, 400–402
progression of, 389
retinal complications of, 404
retinopathy of prematurity-related,

286, 309, 312, 317, 398
Stickler syndrome-related, 182
systemic associations of, 398–399
treatment of, 400, 402–405
undercorrection of, 401, 402

Myotonic dystrophy, 447

N
Naka-Rushton function, 7
NARP (neurogenic weakness, ataxia,

and retinitis pigmentosa), 30
Necrosis, retinal

acute, 351, 361–363
toxoplasmosis-related, 359

Nematodes, ocular infestations with,
351, 369–371

Neovascularization
choroidal, 238

Best’s disease-related, 109, 
115

histoplasmosis-related, 371,
372–373

rubella-related, 364–365
pars planitis-related, 353
peripheral

autosomal dominant
neovascular inflammatory
vitreoretinopathy-related,
198

familial exudative
vitreoretinopathy-related,
191

pars planitis-related, 353–354
retinal

diabetes mellitus-related, 418
Eales’ disease-related, 213
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Neovascularization (Continued)
incontinentia pigmenti-related,

213, 214
retinopathy of prematurity-

related, 284, 290–292
sickle cell disease-related, 418
Takayasu’s arteritis-related,

216
Neovascular membranes

choroidal
Amsler grid monitoring of,

103, 120
drusen-related, 124
Sorsby’s fundus dystrophy-

related, 126
treatment of, 124

subretinal, in myopic eyes, 405
Nephronophthisis, juvenile, 159
Neurilemomas, choroidal, 243
Neuritis, optic

pars planitis-related, 353
toxoplasmosis-related, 359
visual evoked potentials in, 

41–42
Neurodegenerative disorders, visual

evoked potentials in, 51–52, 53
Neuroectodermal tumors, 260
Neurofibromas, 275

choroidal, 243
pigmented, 274, 275

Neurofibromatosis, 243
referrals and information resources

regarding, 93
Neurogenic weakness, ataxia, and

retinitis pigmentosa (NARP), 30
Neuroleptics, 102
Neurolipidosis, 29
Neurological disorders, retinopathy

associated with, 446–447
Neurology, 46
Neuromuscular disorders, retinopathy

associated with, 446–447
Neuronal ceroid-lipofuscinosis, 159,

430–432, 446
differentiated from

Leber’s congenital amaurosis,
157

Stargardt’s disease, 108
electrophysiologic findings in, 36,

53
juvenile (Batten disease), 447
maculopathy associated with, 108

Neurosyphilis, 366–367

Nevi
choroidal, 226–228, 274

misdiagnosed as
melanocytoma, 229

neurofibromatosis-related, 243
Nevus sebaceous of Jadassohn, 239
Night blindness

abetalipoproteinemia-related, 447
Bardet-Biedl syndrome-related,

27–28
complete achromatopsia-related,

164
cone dystrophy-related, 162
congenital stationary, 96, 135–136,

139–140, 160–162
autosomal dominant (Nougaret

form), 160, 161
autosomal recessive, 160, 161
autosomal recessive

congenital, 148
complete, 34
electrophysiologic findings in,

24–25, 32–35, 51
incomplete, 34–35
myopia associated with, 399
nystagmus associated with,

155–156
Riggs type of, 146
Schubert-Bornschien type of,

146
subtypes of, 34–35, 146
X-linked, 32–35, 160, 161

crystalline retinal dystrophy-
related, 129

erosive vitreoretinopathy-related,
187

Goldmann-Favre syndrome-related,
36–37, 187

gyrate atrophy-related, 166, 436
retinitis pigmentosa-related,

135–136, 137, 145, 151
Usher syndrome-related, 437
vitamin A deficiency-related, 378

Night lights, as myopia risk factor,
389–390

Night myopia, 390
Norrie’s disease, 202, 217, 427

differentiated from retinopathy of
prematurity, 313, 314

hearing loss associated with, 439
retinal detachment associated

with, 424, 425
Norrie’s gene mutations, 295, 424
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Norrin, 217
North Carolina macular dystrophy, 32,

124–126, 419, 421
NR2E3 gene mutations, 166
Nyctalopia. See Night blindness
Nystagmus

albinism-related, 51, 155–156
Alström syndrome-related, 158
congenital

achromatopsia-related,
155–156

albinism-related, 155–156
congenital stationary night

blindness-related, 155–156
foveal hypoplasia associated

with, 421
Leber’s congenital amaurosis-

related, 155–156
electrophysiologic findings in, 15,

31
infants, 54

hypomelanosis of Ito-related, 215
incontinentia pigmenti-related, 213
nasotemporal optokinetic, 16
Stickler syndrome-related, 398
temporonasal, 16
toxoplasmosis-related, 358–359

O
Obesity

Alström syndrome-related, 158
Bardet-Biedl syndrome-related, 158,

159, 432, 442
Obstructive sleep apnea, 43
Oculodigital sign of Franceschetti, 155
Oguchi disease, 34, 161
Olivopontocerebellar atrophy

type III, 430, 446, 447
visual evoked potentials in, 46

Opacities, ocular, electrophysiologic
findings in, 38–40

Ophthalmia, sympathetic, 373–376
comparison with Vogt-Koyanagi-

Harada syndrome, 378
Ophthalmic artery occlusion, as

unilateral pigmentary retinopathy
cause, 165

Ophthalmomyiasis, 351, 369–371
Optic atrophy

dominant, visual evoked potentials
in, 45–46

hereditary, visual evoked potentials
in, 44–46

incontinentia pigmenti-related, 213
toxoplasmosis-related, 358–359

Optic cup, failure of closure in, 419,
420

Optic disc
coloboma of, 239
dilated vascular loops adjacent to,

222
edema of

carotid cavernous fistula-
related, 221

leukemia-related, 219
pars planitis-related, 353

Optic nerve
in albinism, 422, 423
choristomatous malformation of,

255
compression of, visual evoked

potentials in, 42–44
drusen of, 446
gliomas of, electrophysiologic

findings in, 44
granulomatous infiltration of, 

354
hypoplasia, visual evoked

potentials in, 42
hypoplasia of, electrophysiologic

findings in, 54
in leukemia, 279–280
medulloepithelioma of, 277

Optic nerve crescent, in myopic eyes,
391, 393

Optic nerve head tumors
melancytomas, 229–230
tuberous sclerosis-related, 241

Optic pits, retinal detachment
associated with, 426

Orbit
angiomas of, 239
cellulitis of, 253

Ornithine, as gyrate atrophy marker,
436

Ornithine aminotransferase deficiency,
26–27, 166, 447–448

Orthopedic abnormalities, Stickler
syndrome-related, 182–184, 185

Oscillatory potentials (OPs), 7
in congenital stationary night

blindness, 33–34
Osteomas, choroidal, 237–240
Osteopetrosis, 444

bone marrow transplantation
treatment of, 448
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Osteopetrosis (Continued)
electrophysiologic findings in, 43,

54
infantile, electrophysiologic

findings in, 43
Leber’s congenital amaurosis-

related, 155
Osteoporosis, multiple myeloma-

related, 220
Osteosarcoma, 269
Oxalosis, 449

differentiated from crystalline
retinal dystrophy, 129

Oxygen supplementation
as retinopathy of prematurity

cause, 285, 289, 292–293
as retinopathy of prematurity

treatment, 333–334

P
Papilledemas, craniofacial dysostosis-

related, 43
Papillitis, incontinentia pigmenti-

related, 213
Parents

presence during
electrophysiological recording
sessions, 21

response to diagnosis of child’s
disability, 82–95

grieving process, 86–87
physician’s role in, 88–91
resources and referrals for,

91–95
Pars plana, “snowbank” opacity of,

350, 352–353
Pars planitis, 350, 351, 352–354
Pattern dystrophies, 115–120

benign concentric annular macular,
116, 118

butterfly, 116, 117
as central vision impairment

cause, 103
genetic factors in, 119–120
Mesker’s macroreticular, 115–116
peculiar foveomacular, 116, 117
Sjögren’s reticular dystrophy, 115
treatment of, 120

“Pavingstone” degeneration, 391
PAX2 gene mutations, 445
Pearson’s syndrome, 30
“Peau d’orange” fundus changes, 437,

441

Peculiar foveomacular dystrophy, 116,
117

Pediatric Oncology Group (POG), 257
Pelizaeus-Merzbacher disease, 53
Pelvis, in Stickler syndrome, 185
Penlight technique, for iris

transillumination defects diagnosis,
422

Peripherin/RDS gene mutations, as
retinitis pigmentosa cause, 137, 141,
151

Periphlebitis, retinal, 350
Peroxisomal disease, electrophysiology

of, 27
Persistent fetal vasculature (PFV). See

Persistent hyperplastic primary
vitreous (PHPV)

Persistent hyperplastic primary
vitreous (PHPV), 253

differentiated from retinopathy of
prematurity, 313

histopathology of, 313
retinal detachment associated

with, 424, 426
Peters’ anomaly, 437
Pffeifer’s syndrome, 43
Phakomatoses (neurocutaneous

diseases), 202, 208–209
Phenylephrine, 317
Pheochromocytomas, von Hippel-

Lindau syndrome-related, 208–209
Photocoagulation

grid, as cystoid macular edema
treatment, 149

as retinoblastoma treatment, 271
as toxocariasis treatment, 356

Photophobia
Alström syndrome-related, 158
complete achromatopsia-related,

164
Photoreceptor disorders. See also

Retinitis pigmentosa
diagnosis of, 101–102
heritable dysfunction of, 135–136

Photosensitivity
Alagille syndrome-related, 437
Cockayne syndrome-related, 

437
Physician-parent interactions, 88–91
Phytanic acid storage disease, infantile.

See Refsum’s disease, infantile
Pierre-Robin anomaly, Stickler

syndrome-related, 184
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Pigment disturbances. See also
Hyperpigmentation;
Hypopigmentation

differential diagnosis of, 101
geographic fundal, 434–436

“Pink eye,” misdiagnosis of, 221
Pirenzipine, 401
Plasmodium, 201
Pneumonia, Pneumocystis carinii, 367
“Polar bear tracks,” 232
Poliosis, Vogt-Koyanagi-Harada

syndrome-related, 376
Polycystic kidney disease, 155
Polycythemia, 219, 220
Polydactyly

Bardet-Biedl syndrome-related,
158–159, 432

retinopathy associated with, 437,
442, 443

Polyposis, intestinal, 232–234
Postchiasmal dysfunction, visual

evoked potentials in, 51–53
Posterior pole

bilateral lesions of
Best’s disease, 108–115, 148
drusen, 101, 103, 121–124,

126, 446
general approach to, 100–103
pattern dystrophies, 115–120
Stargardt’s disease, 103–108

in crystalline retinal dystrophy,
128

retinoblastomas of, 263
unilateral lesions of, 101

Prader-Willi syndrome, visual evoked
potentials in, 51

Prednisone, 216, 359, 360–361
Preeclampsia, 210, 211
Pregnancy

diabetic retinopathy during, 210
preeclampsia during, 210, 211

Premature infants
retinal vascular development in,

288
retinopathy in. See Retinopathy of

prematurity
Presumed ocular histoplasmosis

syndrome (POHS), 350, 351, 371–373
Prions, as ERG electrode contaminants,

9
Procollagen II gene mutations, 184
Professional kindness, in physician-

parent interactions, 90

Progeria, 444
Proparacabine, 318
Protanomaly, 163–164
Protanopia, 164
Pseudohypopyon, 267
Pseudoxanthoma elasticum, 437, 441
Ptosis, Kearns-Sayre syndrome-related,

442
Pulseless disease, 216
Pupillary block, as retinopathy of

prematurity-related glaucoma risk
factor, 310

Pupillary dilation
in retinopathy of prematurity

screening, 317–318
in well-baby examinations,

247–249
Pupillary red-reflex examination, 247
Pupils, size of, effect on

electroretinogram, 10
Pyramethamine, as toxoplasmosis

treatment, 359, 360–361

R
Radiotherapy, intensity-modulated, as

retinoblastoma treatment, 273
Rb gene mutations, 270
Rb-1 gene product, in retinoblastoma,

258–259
RDS/peripherin gene mutations, 119-

120. See also Peripherin/RDS gene
mutations

Reese-Ellsworth (R-E) classification, of
retinoblastoma, 261

Refraction, cycloplegic, for myopia
assessment, 397

Refractive errors
effect on electroretinograms, 10
in myopic eyes, 389

retinitis pigmentosa-related,
153–154

retinopathy of prematurity-related,
309–310

Refractive surgery, for myopia
correction, 403

Refsum’s disease, 436, 437
flash electroretinograms in, 27
infantile, 157, 441, 444, 446, 447
treatment of, 448

Renal cell carcinoma, 208–209
Renal-coloboma syndrome, 445
Renal disease, retinal disorders

associated with, 437, 444–445
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Renal failure
Alström syndrome-related, 158
retinitis pigmentosa-related, 159

Renal stones, 444, 449
Respiratory insufficiency, chronic, 419
Retina

combined hamartomas of, 235–237
magnocellular projecting system of,

15
paravocellular projecting system of,

15
response to light, 4–5
retinitis pigmentosa-related

degeneration of, 153
tears of, in myopic eyes, 391, 393,

404
vascular development in

hypoxia-related impairment of,
289–293

in premature infants, 288
vascular disorders of, 201–225

anemia, 202, 218
carotid cavernous fistula, 202,

221
Churg-Strauss syndrome, 202,

216
Coats’ disease, 202, 206–208
congenital vascular loops, 202,

222–223
diabetic retinopathy, 202, 210
Eales’ disease, 202, 213
fascioscapulohumeral

dystrophy, 202, 217–218
Goodpasture’s syndrome, 202,

215–216
hypertensive retinopathy, 202,

210–211
hyperviscosity syndromes, 202,

219–220
hypomelanosis of Ito, 202, 

215
incontinentia pigmenti, 202,

213–215
Kawasaki’s disease, 202,

220–221
leukemia, 202, 219
Norrie’s disease, 202, 217
phakomatoses (neurocutaneous

diseases), 202, 208–209
Purtscher’s retinopathy, 202,

212–213
shaken baby syndrome, 202,

212

sickle cell disease, 201,
203–206

Takayasu’s arteritis, 202, 216
Terson’s syndrome, 202,

211–212
treatment of, 449
vein occlusions, 202, 222

Retinal artery occlusion, cherry-red
spots associated with, 416

Retinal degeneration, Usher syndrome-
related, 157

Retinal detachment, 414, 424–426
acute retinal necrosis-related, 363
autosomal dominant neovascular

inflammatory vitreoretinopathy-
related, 198

choroidal osteoma-related, 237
Coats’ disease-related, 207–208
Ehlers-Danos VI syndrome-related,

426
erosive vitreoretinopathy-related,

186
familial exudative

vitreoretinopathy-related, 191,
193, 194

Goodpasture’s syndrome-related,
215

hypertensive retinopathy-related,
210

hypomelanosis of Ito-related, 215
lattice degeneration-related,

180–182
leukemia-related, 279
in myopic eyes, 389, 391, 403,

404–405
Norrie’s disease-related, 424, 425
optic nerve pits-related, 426
pars planitis-related, 353
persistent hyperplastic primary

vitreous (PHPV)-related, 424, 
426

retinal dysplasia-related, 424
retinoblastoma-related, 263
retinopathy of prematurity-related,

284, 286, 287–288, 289, 297, 299,
301, 302, 424

differentiated from
retinoblastoma, 313–314

early stages of, 304–305
late-onset, 312
subtotal, 306, 307
total, 306–309
treatment of, 312, 334–337
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Retinal detachment (Continued)
vitreoretinal traction forces in,

307–309
spondyloepiphyseal dysplasia

congenita-related, 426
Stickler syndrome-related, 182,

186, 424, 426
Sturge-Weber syndrome-related, 209
Takayasu’s arteritis-related, 216
toxocariasis-related, 356
toxoplasmosis-related, 359
trauma-related, 424
tumor-related, 424
uveal melanoma-related, 275
X-linked juvenile retinoschisis-

related, 426
Retinal pigment epithelial leakage, 139
Retinal pigment epithelium (RPE)

basement membrane abnormalities
of

drusen-related, 121, 122, 123,
124

North Carolina macular
dystrophy-related, 125

combined hamartomas of, 235–237
congenital hyperplasia of, 234–235
congenital hypertrophy of, 230–232

inherited gastrointestinal
polyposis associated with,
232–234

in erosive vitreoretinopathy, 186
in fenestrated sheen macular

dystrophy, 128
hamartomas of, 274
lymphocytic choriomeningitis

virus-related migration of, 371
myopia-related tessellation of, 391,

392, 393
myopia-related thinning of, 391
North Carolina macular dystrophy-

related, 125
“salt-and-pepper” fundus

associated with, 427–428
toxoplasmosis-related disruption

of, 359
in Wagner’s disease, 186

Retinal-renal syndromes, 159
Retinitis

congenital syphilis-related, 429
cytomegalovirus-related, 367–369,

434
necrotizing, 361, 362–363
toxoplasmosis-related, 359

Retinitis pigmentosa, 135–177
autosomal dominant, 135,

136–137, 140–141, 150–152
electroretinography of, 26
molecular biology-based

diagnosis of, 167
autosomal recessive, 135, 140–141,

152–153
Bothnia-type, 152–153
prognosis for, 26

a-wave amplitude in, 7
as blindness cause, 141
carriers of, 154
clinical features of, 137–141
Darier’s disease-related, 436, 437
dark adaptometric evaluation of,

141, 145
definition of, 135
digenic, 154–155
electroretinographic findings in,

24–25, 145–148
fundus abnormalities in, 137, 138,

139–140
hereditary, 150–154
Leber’s congenital amaurosis as,

135, 136
molecular testing in, 148–149
myopia-associated, 399
prevalence of, 135
rhodopsin-associated, 140

denaturing gradient gel
analysis of, 152

electroretinography of, 147
genetic factors in, 151, 152
visual field loss in, 143, 144

rod dysfunction associated with, 25
scotomas associated with, 141, 142
systemic diseases associated with,

157–159
treatment of, 149–150
unilateral, 165
vitamin A treatment of, 449
workup of, 141–149
X-linked, 135

carriers of, 26
electroretinography of, 26
genetic factors in, 155
recessive, 146, 151, 153–154

Retinitis pigmentosa sine pigmento,
137–138, 140–141

Retinitis punctata albescens, 139,
140–141

RLBP1 gene mutations-related, 153
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Retinoblastoma, 246–273
astrocytic hamartoma

misdiagnosed as, 241–242
atypical, 251–253
“bay complex” and, 272
bilateral, 251, 259, 260, 269, 313

misdiagnosis of, 272–273
clinical presentation of, 249–257,

261–269
natural history, 261–267
natural history of, 261–267
workup in, 267–269

differentiated from
leukocoria, 436
retinopathy of prematurity,

313, 314
diffuse infiltrating, 267
early detection of, 246–249
endophytic, 252, 263, 268
epidemiology of, 254, 256, 257
etiology of, 258–260
extraocular, 262
“gene carriers” of, 259
genetic counseling for, 270, 271
genetic factors in, 258, 259–260,

270
chromosomal 13q14 deletion,

259, 260
incidence of, 247, 254
metastatic, 252

as bone tumor cause, 268, 269
histopathological risk factors

for, 270–271
staging of, 261
treatment of, 271, 273

as multiple lesions, 261, 263
nongenetic form of, 258–259
prevalence of, 254, 256
screening for, 246–249, 251
staging of, 261
treatment of, 271–273
undiagnosed, 252
unilateral, 313
untreated, 263
vitreous seeding by, 263, 266, 267

Retinochoroiditis, toxoplasmosis-
related, 358

Retinocytomas, 264–265
Retinomas, 261, 264–265
Retinopathy

anemic, 218
central serous, 41
diabetic, 202, 210

fundal patterns in, 413–436
angioid streaks, 415, 426–427
bull’s-eye maculopathy, 415,

430–432
cherry-red spots, 413, 414, 416
congenital retinal disease, 415,

432–434
foveal hypoplasia, 414,

421–424
“fried-egg” appearance, 31–32
geographic pigmentary

disturbances, 415, 434–436
leukocoria, 415, 436
macular colobomas, 414,

419–421
“peau d’orange” appearance,

437, 441
retinal detachment, 414,

424–426
“salt-and-pepper” mottling,

363–364, 365, 366, 415,
427–429

“scrambled-egg” appearance,
32

vascular tortuosity, 414,
416–419

vitreoretinal dysplasia or
aplasia, 415, 427

hypertensive, 202, 210–211
leukemic, 278–279
pigmentary

Bardet-Biedl syndrome-related,
27–28

neuronal ceroid-lipofuscinosis-
related, 430

unilateral, 165
Usher syndrome-related, 28

Purtscher’s, 202, 212–213
rubella, 363–365
sickle, 201, 203–206
systemic disorders associated with,

436–449
Retinopathy of prematurity, 284–349

as blindness cause, 285, 286
cryotherapy for, 323–330

CRYO-ROP study of, 324–330,
331, 333

as myopia risk factor, 398
techniques in, 324–327

definition of, 284
demarcation line in, 296, 303, 304,

397, 398
as double line, 317
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Retinopathy of prematurity
(Continued)

differential diagnosis of, 313–314
early detection of, 246
in full-term infants, 314
incidence of, 285–286
International Classification of

Retinopathy of Prematurity
(ICROP) for, 295–302, 316

extent (“clock hours”)
parameter of, 295, 296, 299

location zone parameter of,
295–296

severity (stages) parameter of,
295, 296–302, 303–309,
418–419

myopia associated with, 398
natural history of, 285–286
as neovascularization cause, 284

ischemia-related, 284, 290–292
Norrie’s gene mutations associated

with, 424
pathogenesis of, 289–295

oxygen in, 290–293
risk factors, 293–295
vascular endothelial growth

factor in, 290–292
prethreshold, 287, 288, 294

examination of, 316–317
oxygen therapy for, 333–334
parental notification about,

319
progression of, 284, 286
prophylaxis and treatment of,

319–322
regressed, 301, 302

late complications of, 310–312
ocular findings in, 309–310
reactivation of, 317

retinal detachment associated
with, 284, 286, 287–288, 289,
297, 299, 301, 302, 424

differentiated from
retinoblastoma, 313–314

early stages of, 304–305
late-onset, 312
subtotal, 306, 307
total, 306–309
treatment of, 312, 334–337
vitreoretinal traction forces in,

307–309
retinal vascular tortuosity

associated with, 418–419

as retrolental fibroplasia, 284–285
ridge in, 296, 297, 298–300, 304–305

with extraretinal fibrovascular
proliferation, 297, 303–306

screening for
follow-up schedule in, 316–317
mode of examination in,

317–319
selection of patients for,

314–317
severity (stages) of, 295, 296–302

clinicopathological correlation
of, 303–309

“plus” stage, 288, 292, 294,
299, 300, 418–419

stage 1, 288, 291, 292, 296,
297, 303, 304

stage 2, 288, 291, 292, 296,
297, 298, 303, 305

stage 3, 292, 297, 298–299,
303–306

stage 4, 292, 297, 299, 306,
307, 334–335

stage 4A, 301
stage 5, 292, 297, 299, 301,

306–309
spontaneous regression of, 284, 286
threshold, 287–288, 289

cryotherapy for, 324–330
laser photocoagulation therapy

for, 330–333
screening for, 314

treatment of, 285, 319–322
as vascular shunt cause, 284

ischemia-related, 284, 291, 292
in retinal detachment, 306–307

vitreoretinal surgical treatment of,
335–337

Retinopathy patients, physical
examination of, 412

Retinoschisis
foveal, 166
Goldmann-Favre syndrome-related,

187, 188
X-linked, 179, 189–191, 237

electrophysiological findings
in, 35

histopathology of, 35
juvenile, 166, 426

Rheumatoid arthritis, juvenile, 351,
357–358

Rhinitis, congenital syphilis-related,
429
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Rhodopsin, lifetime of, in rods, 5
Rhodopsin gene mutations, 137, 151
RLBP1 gene mutations, 152–153
Rod/cone dystrophies

Bardet-Biedl syndrome-related, 158
progressive. See Retinitis

pigmentosa
Rod dysfunction

electroretinography of, 25–26
gyrate atrophy-related, 26–27

Rodents, as lymphocytic
choriomeningitis virus hosts, 361

Rod monochromatism, 164
electrophysiologic findings in,

30–31
Rods, electroretinography of, 4, 6, 8, 22,

23
ROP. See Retinopathy of prematurity
Roundworm infestations. See

Toxocariasis
RP. See Retinitis pigmentosa
RPE. See Retinal pigment epithelium

(RPE)
RPGR gene mutations, 26

retinitis pigmentosa-associated,
154

Rubella, 351, 363–365, 432–433, 439
as “salt-and-pepper” fundus cause,

428–429
Rubeosis, medulloepithelioma-related,

276
Rubeosis iridis, 213, 292
“Rust spots,” siderosis-related, 379,

380, 381

S
“Sabre shins, “ syphilis-related, 365
“Saddle nose, “ syphilis-related, 365
Saethre Chotzen syndrome, 43
Saldino-Mainzer syndrome, 159
Sarcoidosis, 351, 354–355
Scapuloperoneal dystrophy, 218
Sclerae, blue, incontinentia pigmenti-

related, 213
Scleral buckling procedures, 312

in myopic eyes, 402
as retinal detachment treatment

in familial exudative
vitreoretinopathy, 194

in retinopathy of prematurity,
334–335

technique of, 334–335
Scleral shortening, in myopic eyes, 401

Scoliosis, Kneist dysplasia-related, 399
S-cone syndrome, enhanced, 36–37, 166
Scotomas

paracentral, retinitis pigmentosa-
related, 141

ring
cone dystrophy-related, 162
retinitis pigmentosa-related,

141, 142
visual evoked potentials in, 18

Scotopic threshold response (STR), 8
Sea fans, 204, 205, 206
Sedation, during electroretinography, 21
Seizures

hypomelanosis of Ito-related, 215
neuronal ceroid-lipofuscinosis-

related, 430
toxoplasmosis-related, 358
tuberous sclerosis-related, 241
Zellweger’s syndrome-related, 

447
Senior-Loken syndrome, 159, 444
Sepsis, as retinopathy of prematurity

risk factor, 293, 294
Sexual abuse, of children, 213
Shaken baby syndrome, 202, 212
Sheie syndrome, 29
Short stature, 437, 442, 444

infantile osteopetrosis-related, 43
Shunts, vascular

arteriovenous, 221
retinopathy of prematurity-related,

284, 291, 292, 306–307
Sickle cell disease, 201, 203–206

bone marrow transplantation
treatment of, 448

branch retinal vein occlusions
associated with, 222

retinal neovascularization
associated with, 418

Sickle disc sign, 204
Siderosis, 351, 379–381
Sjögren-Larsson syndrome, 102, 436,

437
Sjögren’s reticular dystrophy, 115
Skeletal anomalies, retinopathy

associated with, 437, 444
Sloan achromatopsia test, 164
“Snowballing,” vitreous

pars planitis-related, 350
sarcoidosis-related, 354

“Snowbanking,” pars planitis-related,
350, 352–353



index 483

“Snowflakes,” hereditary vitreoretinal
degeneration of Hirose-related,
194–196

Sorsby’s fundus dystrophy, 126–127
Speech impairment, Usher syndrome-

related, 157
Spielmeyer-Batten-Vogt syndrome, 159
Spinocerebellar ataxia type 7, 167
Spinocerebellar atrophy 6, 430, 446–447
Spondyloepiphyseal dysplasia, 442, 444
Spondyloepiphyseal dysplasia

congenita, 399, 426
Staphylomas, 393–394

North Carolina macular dystrophy-
related, 124–125

surgical treatment of, 400
Stargardt’s disease, 26, 103–108, 430

age distribution of, 107
autosomal dominant inheritance

of, 107–108
autosomal recessive inheritance of,

107–108
central vision impairment

associated with, 103, 107
differentiated from cone-rod

dystrophies, 108, 162
early-onset

differentiated from pattern
dystrophies, 118–119

masked choroid associated
with, 104, 118

electrophysiologic findings in, 32
maculopathy associated with, 104,

105, 107
natural history of, 103–107
pathophysiology of, 108

Stickler syndrome, 179, 182–186
electroretinographic findings in, 37
genetic factors in, 37, 182, 184
management of, 184, 186
myopia associated with, 398, 399
retinal detachment associated

with, 424, 426
systemic manifestations of,

182–184, 185
STOP-ROP trial, 333–334
Storage diseases, cherry-red spots

associated with, 414
Strabismus

Coats’ disease-related, 206
cortical visual acuity suppression

associated with, 58–59
hypomelanosis of Ito-related, 215

incontinentia pigmenti-related, 213
Leber’s congenital amaurosis-

related, 155
retinoblastoma-related, 250, 251
retinopathy of prematurity-related,

286, 309–310, 317
toxocariasis-related, 355
toxoplasmosis-related, 358–359

Sturge-Weber syndrome, 208, 209
Styrene, as color vision loss cause, 

165
Sulfadiazine, as toxoplasmosis

treatment, 359, 360–361
Surfactant therapy, as retinopathy of

prematurity prophylaxis, 320
Syndactyly, Bardet-Biedl syndrome-

related, 158–159
Synechiae

juvenile rheumatoid arthritis-
related, 357, 358

as retinopathy of prematurity-
related glaucoma risk factor, 311

Syphilis, 351, 365–367
acquired, 365

treatment of, 366–367
congenital, 429, 433

prevention of, 365
treatment of, 365–366,

433–434
ocular manifestations of, 365–367
treatment of, 433–434, 448–449

T
Takayasu’s arteritis, 202, 216
Talc exposure, toxicity of, 129, 351
Tamoxifen, toxicity of, 102, 129, 351
Tay-Sachs disease

cherry-red spots associated with,
413, 414

electrophysiolgic findings in, 53
Telangiectasia, retinal

Coats’ disease-related, 206, 207,
217–218, 417

fascioscapulohumeral dystrophy-
related, 217–218

scapuloperoneal dystrophy-related,
218

Terson’s syndrome, 202, 211–212
TFSOM (To Find Small Ocular

Melanoma) mnemonic, 228
Thiabendazole, 356
Thioridazine, toxicity of, 25, 351
Thrombocytopenia, anemia-related, 218
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Tibia, Stickler syndrome-related
dysplasia of, 183–184, 185

Timolol maleate eye drops, 401
Tinnitus, Vogt-Koyanagi-Harada

syndrome-related, 376
Tocopherols, 321
Toe-to-heel walking, in Usher

syndrome patients, 158
TORCH infections, 165, 361, 432
Tortuosity, vascular, 414, 416–419

familial retinal arteriolar, 
416–417

in retinoblastoma, 263
Toxic diseases

differentiated from inherited
disease, 102

drug toxicities
canthaxanthine, 129, 351
electrophysiologic findings in,

46–47
tamoxifen, 102, 129, 351
thioridazine, 25, 351

flash electroretinogram in, 
24–25

of the retina and vitreous, 351
Toxocara canis, 355
Toxocara catis, 355
Toxocariasis, ocular, 351, 355–357
Toxoplasma gondii, as toxoplasmosis

cause, 358, 359
Toxoplasmosis, ocular, 351, 358–361

congenital, 432
macular colobomas associated

with, 419, 421
treatment of, 359, 433–434

differentiated from
ocular toxocariasis, 356–357
retinoblastoma, 255

“headlight-in-the-fog” appearance
of, 359, 360

prevention of, 361
treatment of, 359–361

Trauma
as sympathetic ophthalmia cause,

373–374
as unilateral pigmentary

retinopathy cause, 165
Treponema pallidum, as syphilis cause,

365
Trichomats, 163
Trisomy 13, 427
Trisomy 21 (Down syndrome), 427
Tritanomaly, 163–164

Tropicamide, 317
Trust, in physician-parent interactions,

89
Truth, in physician-parent interactions,

88
Tuberous sclerosis, 241–243

astrocytic hamartomas associated
with, 254

Tumor necrosis factor-a, 358
Tumors

malignant intraocular, 246-283. See
also Retinoblastoma

leukemia, 278–280
medulloepithelioma

(diktyoma), 276–278
uveal melanoma, 273–275

pigmented intraocular, differential
diagnosis of, 274–275

Turcot’s syndrome, 232

U
Unilateral occipital hemisphere

dysfunction, 53
Unilateral pigmentary retinopathy, 165
Usher syndrome, 139, 157–158, 437

genetic factors in, 153
macular pigmentation in, 150
subtypes of, 28, 157, 158

Uvea
melanocytoma of, 229, 230
melanoma of, 273–275

Uveitis
congenital syphilis-related, 429
juvenile rheumatoid arthritis-

related, 357– 358
Kawasaki’s disease-related, 220–221
sarcoidosis-related, 354, 355
sympathetic ophthalmia-related,

373–376
syphilis-related, 367
toxoplasmosis-related, 358–359,

360
Uvula, bifid, Stickler syndrome-related,

184, 398–399

V
Valganciclovir, as cytomegalovirus

retinitis treatment, 369
Varicella virus, 433
Vascular disorders, retinal, 201–225

anemia, 202, 218
carotid cavernous fistula, 202, 221
Churg-Strauss syndromes, 202, 216
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Vascular disorders, retinal (Continued)
Coats’ disease, 202, 206–208
congenital vascular loops, 202,

222–223
diabetic retinopathy, 202, 210
Eales’ disease, 202, 213
fascioscapulohumeral dystrophy,

202, 217–218
Goodpasture’s syndrome, 202,

215–216
hypertensive retinopathy, 202,

210–211
hyperviscosity syndromes, 202,

219–220
hypomelanosis of Ito, 202, 215
incontinentia pigmenti, 202,

213–215
Kawasaki’s disease, 202, 220–221
leukemia, 202, 219
Norrie’s disease, 202, 217
phakomatoses (neurocutaneous

diseases), 202, 208–209
Purtscher’s retinopathy, 202,

212–213
shaken baby syndrome, 202, 212
sickle cell disease, 201, 203–206
Takayasu’s arteritis, 202, 216
Terson’s syndrome, 202, 211–212
treatment of, 449
vein occlusions, 202, 222

Vascular endothelial growth factor
(VEGF), 290–292, 333

Vascular loops
congenital, 202, 222–223
peripapillary, anomalous retinal

blood vessels in, 416–417
retinal venous

branch retinal vein occlusions
associated with, 222

Vascular tortuosity, 414, 416–419
Vasculature, retinal

development of
hypoxia-related impairment of,

289–293
in premature infants, 288

in familial exudative
vitreoretinopathy, 191, 194

tortuosity of, 414, 416–419
familial retinal arteriolar,

416–417
retinoblastoma-related, 263

Vein occlusions, retinal, 202, 222
branch, 222–223

hyperviscosity syndromes-
related, 222

sarcoidosis-releted, 354
Venereal Disease Research Laboratory

(VDRL) test, for syphilis, 365
Vernier acuity, 16
Very-low birth weight infants

pupillary dilation in, 317–318
retinopathy of prematurity in,

286–289, 292–293
prevention of, 320

Vestibular abnormalities, Usher
syndrome-related, 157, 158, 437

Vigabatrin
as color vision loss cause, 165
visual electrophysiologic effects of,

46
Vinblastin, visual electrophysiologic

effects of, 47
Vincristine, 271, 272

visual electrophysiologic effects of,
47

Visceral larva migrans, 355–356
Visual acuity impairment

Best’s disease-related, 109, 110
Coat disease-related, 207, 208
Goldmann-Favre syndrome-related,

188
myopia-related, 393–394, 400
pattern dystrophy-related, 118
retinitis pigmentosa-related, 149
Stargardt’s disease-related, 103,

105, 106
X-linked juvenile retinoschisis-

related, 190
Visual acuity testing, visual evoked

potentials in, 54–59
in amblyopia, 54–56
in hysterical (or functional) visual

loss, 58
in strabismus, 58–59
sweep VEPs, 56–59

Visual evoked potentials (VEPs), 
13–19

amplification of, 10–11
in combination with

electroretinography, 2, 21–23
GOS pediatric protocol for,

21–23
cortical origins of, 13–16
definition of, 1
in delayed visual maturation, 156
diagnostic applications of, 38–53
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Visual evoked potentials (VEPs)
(Continued)

EEG electrode-based recording of, 9
electrodes for, transoccipital

montage of, 19
flash, 14

in cortical blindness, 51–52
cortical origins of, 13–14
in Goldmann Favre syndrome,

36–37
in neuronal ceroid-

lipofuscinosis, 36
in optic nerve hypoplasia, 42
in postchiasmal dysfunction,

52, 53
in unilateral occipital

hemisphere dysfunction, 53
in Leber’s congenital amaurosis, 

25
magnocellular projecting system

and, 15
maturation of, 24
motion processing-related, 15–16
multifocal, 13
in optic nerve disorders, 41–44

half-field testing of, 41
paravocellular projecting system

and, 15
pattern, 2

in Bardet-Biedl syndrome, 28
chloral hydrate, 55
in congenital hereditary

endothelial dystrophy
(CHED), 39, 40

in lens opacity, 39
in optic nerve compression,

42–44
in optic nerve hypoplasia, 42

pattern-onset, 13, 15
cortical origins of, 14
development of, 24

pattern-reversal, 14
in cerebellar ataxia, 45–46
in hereditary optic atrophy,

44–46
macular and paramacular,

17–18
in maculopathies, 40–41
in optic neuritis, 41–42
paradoxical localization of,

16–17
in postchiasmal dysfunction,

51–52

in unilateral occipital
hemisphere dysfunction, 53

in visual acuity testing, 54,
55–56, 58–59

recording techniques for, 13
in children, 18–19

in rod dysfunction, 25
signal averaging of, 11
steady-state, 13
sweep, 13
transient, 13
vernier, 16
in visual acuity testing, 54–59

in amblyopia, 54–56
in hysterical (or functional)

visual loss, 59
in strabismus, 58–59
sweep VEPs, 56–57

Visual field loss, retinitis pigmentosa-
related, 141, 143, 144

Visual fields, Usher syndrome-related
abnormalities of, 158

Visual loss/impairment
acute retinal necrosis-related, 363
hysterical, visual evoked potentials

in, 58
myopia-related, 394–396
pars planitis-related, 353
referrals and information resources

regarding, 93–94
Visual maturation, delayed

differentiated from Leber’s
congenital amaurosis, 156

electrophysiology of, 24
Vitamin A, therapeutic applications of,

127, 448, 449
Vitamin A deficiency, 378–379, 449,

3351
as retinitis pigmentosa mimic,

149–150
rod dysfunction associated with, 

25
Vitamin A palmitate, 150
Vitamin B6, as gyrate atrophy

treatment, 27
Vitamin B12 deficiency, visual

electrophysiologic effects of, 47
Vitamin E, therapeutic applications of,

46, 285, 320–322, 448
Vitamin E deficiency

rod dysfunction associated with, 25
visual electrophysiologic effects of,

47–48



index 487

Vitamin K, therapeutic applications of,
448

Vitelliform dystrophy, Best’s. See Best’s
dystrophy

Vitelliform lesions
peculiar foveomacular dystrophy-

related, 117
of the posterior pole, 101

Vitiligo, 376, 437
Vitrectomy, 253

as advanced retinopathy of
prematurity treatment, 335–337

as ocular toxocariasis treatment,
356

pars plana, 353–354
as retinopathy of prematurity-

related retinal detachment
treatment, 312

as retinopathy of prematurity-
related glaucoma treatment, 311

Vitreitis, pars planitis-related, 353–354
Vitreoretinal traction bands, 355

retinopathy of prematurity-related,
312

Vitreoretinopathies, 178–200, 391
autosomal dominant neovascular

inflammatory vitreoretinopathy,
179, 197–198

autosomal dominant
vitreoretinochoroidopathy, 179,
196–198

electrophysiologic findings in,
36–37

erosive vitreoretinopathy, 179,
186–187

familial exudative (FEVR), 179,
191–194, 313, 314, 424

Goldmann-Favre syndrome, 179,
187–188

hereditary snowflake vitreoretinal
degeneration of Hirose, 179,
194–196

lattice degeneration, 179, 180–182
Stickler syndrome, 179, 182–186
Wagner syndrome, 179, 186–187
X-linked retinoschisis, 179, 189–191

Vitreous
aging of, as “floater” cause, 178
gel structure of, 178
liquefaction of, 178

in hereditary snowflake
vitreoretinal degeneration of
Hirose, 194

in myopic eyes, 390–391
pars planitis, 350, 351, 352–354
“snowball” opacity of, 350
in Stickler syndrome, 182

Vitreous body, in retinopathy of
prematurity, 306

Vitreous detachment
autosomal dominant

vitreoretinochoroidopathy-
related, 196–197

in myopic eyes, 390, 404
Vitreous haze, toxoplasmosis-related,

350, 360
Vitreous syneresis, in myopic eyes,

390–391
Vitreous traction, Wagner disease-

related, 186–187
Vitritis, acute retinal necrosis-related,

361
VMD2 gene mutations, 111, 112
Vogt-Koyanagi-Harada syndrome,

376–378, 437
Vogt’s ring, 391
von Hippel-Lindau syndrome, 208–209

capillary hemangiomas associated
with, 417

W
Waardenburg’s syndrome, 442
Wagner’s vitreoretinal degeneration, 

37
Wagner syndrome, 179, 186–187
Waldenström’s macroglobulinemia,

219–220
Warburg syndrome, 427
“White-dot” syndromes, 355, 371
Wills Eye Institute, 273–274
Wilms’ tumor, 424
Wyburn-Mason syndrome, 208, 209

X
Xanthine, as retinopathy of prematurity

risk factor, 294
Xanthogranulomas, juvenile, 274, 277
Xerophthalmia, vitamin A deficiency-

related, 378
X-linked inheritance, of retinitis

pigmentosa, 135
XLRS1 gene mutations, 166

Z
Zellweger’s syndrome, 27, 446, 447
Zoloft, as color vision loss cause, 165


