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ABSTRACT

Purpose: The purpose of this investigation was to study vision in albinism
from 3 perspectives: first, to determine the characteristics of grating acu-
ity development in children with albinism; second, to study the effect of
illumination on grating acuity; and third, to define the effect of melanin
pigment in the macula on visual acuity.

Methods: I. Binocular and monocular grating acuity was measured with
the acuity card procedure in 40 children with albinism during the first 3
years of life. Recognition acuity was eventually measured in 27 of these
patients. Ocular pigment was documented by a previously established
method of grading iris transillumination and macular transparency.

II. Grating acuity under standard and increased illumination levels
was measured in 20 adults with albinism (group I) and compared with that
in 20 adults with nystagmus due to conditions other than albinism (group
II) and 20 adults without ocular abnormalities (group III). Recognition
acuity measured with the ETDRS charts was also recorded for each group.

III. Best-corrected binocular acuity was measured in 29 patients with
albinism who were identified with melanin pigment in their maculas by
direct ophthalmoscopy.

Results: I. Both binocular and monocular grating acuity was reduced 2 to
3 octaves below the norm for ages 6 months to 3 years. Limited data avail-
able in the first 6 months of life did not show failure of vision to develop.
Grating acuity measurements overestimated eventual recognition acuity.
Mean recognition acuity was 20/111. A relationship between grating acu-
ity development and presence or absence of ocular pigment was not
found.

II. Grating acuity was significantly better for groups I and II under the
condition of increased illumination (P < .03). For patients with albinism,
grating acuity under standard illumination was significantly better than
recognition acuity (P < .001). For all groups, grating acuity under
increased illumination was significantly better than recognition acuity (P <
.01).
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III. Mean recognition acuity in patients with albinism and melanin
pigment in their maculas (20/47) was significantly better than measured
recognition acuity in Project I (P < .001). All had foveal hypoplasia, but 8
patients had an incompletely developed annular reflex in the macula, 6
patients showed stereoacuity, and 3 patients had no nystagmus.

Conclusions: I. Grating acuity development in albinism seems to progress
along a curve that is asymptotic to visual development in a normal popu-
lation.

II. Increasing illumination does not reduce grating acuity in patients
with albinism. Grating acuity overestimates recognition acuity in these
patients.

III. Ophthalmoscopic detection of melanin pigment in the macula in
patients with albinism is associated with better vision.

INTRODUCTION

Albinism, derived from the Latin, albus, meaning white, refers to congen-
itally absent or reduced melanin pigment in the eyes, and often hypopig-
mentation in the skin and hair as well. When a child develops nystagmus
within the first few weeks of life and examination discloses iris transillu-
mination, foveal hypoplasia, and a blond fundus, a diagnosis of albinism
may be suspected. Family history is often negative, as this disorder is
inherited in a recessive manner, most commonly autosomal recessive,
except in males with predominantly ocular hypopigmentation, where the
inheritance may be X-linked.

Melanin biosynthesis occurs in the melanosome that is localized with-
in specialized dendritic cells, called melanocytes. These melanocytes are
normally found in skin, hair follicles, meninges, and inner ear in addition
to the uveae and retinal pigment epithelium. Melanosomes are divided
into 4 types according to their structural architecture. Premelanosomes
(types I and II), formed from the Golgi complex, are progressively filled
with membranous structures and enzymes, and eventually with melanin,
to produce more mature melanosomes (types III and IV). All types of
melanosomes, without melanin pigment, have been identified in the iris
from 2 patients with tyrosinase-negative albinism.'2 Melanocytes originat-
ing from the neural crest in embryonic development migrate to the iris
stroma and choroid, whereas melanocytes in the pigment epithelium of
the iris and retinal pigment epithelium originate from the neuroectoder-
mal outer layer of the optic cup. With normal maturation, melanogenesis
increases, modified by environmental and genetic factors. Compared with
cutaneous melanocytes, which are derived from the neural crest, the neu-
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roectodermally derived melanocytes in the eye do not transfer their pig-
ment to adjacent cells and do not continue to synthesize new melanin.
Tyrosinase is the first enzyme in the pathway to convert tyrosine into
melanin and catalyzes the rate-limiting step in melanin biosynthesis.
Although melanocytes and melanosomes are present in the skin, hair fol-
licles, and eye in persons with albinism, the melanosomes may contain no
melanin or a reduced amount of melanin. Reduced or absent tyrosinase
activity due to mutant alleles of the tyrosinase gene is a frequent cause of
oculocutaneous albinism (OCA).3 Other enzymes or regulatory factors
involved in the later steps in melanin synthesis produce other patterns of
hypopigmentation in albinism.

This thesis will first provide an overview of the current classification
of albinism and the specific ocular features of this genetic disorder. This
discussion is followed by the presentation of three different projects that
present new information regarding vision in albinism.

CLASSIFICATION OF ALBINISM

Albinism occurs with an overall frequency of 1 in 18,000 in the United
States.4 In the past, the terms "complete" and "partial" albinism or "per-
fect" and "imperfect" albinism were used to describe the amount of pig-
ment that was clinically apparent in the heterogeneous expression of the
phenotype. The presence or absence of pigmentation detected with incu-
bation of hairbulbs in tyrosine or DOPA initially was used to establish the
division of oculocutaneous albinism into tyrosinase-negative and tyrosi-
nase-positive types. Further studies of hairbulb tyrosinase activity were
helpful in defining the type of albinism and in understanding the variable
phenotype in both individuals with OCA and in heterozygotes.-8 However,
as clinical, biochemical and molecular studies have progressed, the cur-
rently evolving classification schema describes albinism on the basis of the
genetic defect. OCA type 1 (OCA1) refers to a clinical picture of hypopig-
mentation resulting from mutations ofthe tyrosinase gene on chromosome
11q14-21,3 causing either complete absence ("tyrosinase-negative"
albinism, OCAIA) or some residual activity (OCA1B, OCAlMP,
OCAlTS) of the encoded enzyme. The defective gene in the other com-
mon type of albinism ("tyrosinase-positive" albinism, OCA2) codes for a
transmembrane protein that has been mapped to chromosome l5qll.2-
12; these individuals are typically born with melanin pigment in their hair,
in contrast to the white hair that is present at birth in OCAI. The gene in
OCA2 has been referred to as the "P gene," as similar clinical and genetic
features are found in the pink-eyed-dilution (p) mouse. There are also
other unclassified types of pigmenting albinism, such as Brown OCA,
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which has been reported in African, African American, and Caucasian
populations. Finally, OCA may be a secondary association occurring with
systemic disorders such as Hermansky-Pudlak syndrome (chromosome
10) and Chediak-Higashi syndrome. In all cases, the inherited deficiency
is in the production of melanin pigment. Red (rufous) OCA has been
reported in patients from South Africa, but only 1 patient had nystagmus,
none showed foveal hypoplasia, and misrouting of the optic fibers mea-
sured by visual evoked potentials was not found.9This disorder remains
poorly defined as a specific type of OCA. Autosomal dominant OCA has
also been reported, but it has been incompletely characterized as a specif-
ic type of OCA.""'l Ocular albinism (OA) is less commonly noted than
OCA, and affected individuals will have reduced melanin pigment pri-
marily in the eyes.'2 Inheritance of OA may be either autosomal recessive
or X-linked recessive (OAI).

TYROSINASE-RELATED ALBINISM (OCAI)
In tyrosinase-related albinism, a variable presence or absence of melanin
pigment production is noted, depending on the effect of the mutation in
the tyrosinase gene.3 Most affected individuals are compound heterozy-
gotes with different maternal and paternal mutant alleles. Patients who are
unable to produce melanin pigment have the classic "tyrosinase-negative"
phenotype, while others who have different mutations of the tyrosinase
gene have some residual enzyme activity and are able to form some pig-
ment.

In tyrosinase-negative albinism (OCAIA, Type IA, McKusick
203100.0001-203100.0005, 203100.0010-203100.0011, 203100.013-
203100.0036), melanin pigment is not present in the hair, skin, or eyes at
birth, nor does it develop throughout life, irrespective of ethnic origin.
The hair is white, and the skin is white and does not tan. There is no ocu-
lar melanin present in these individuals, and they typically have pink,
translucent irides owing to the complete absence of melanin pigment in
both the posterior iris epithelium and the iris stroma. With biomicroscop-
ic examination, a small light is directed through the pupil, and the entire
iris is illuminated as a reddish-orange color. The iris vasculature and the
edge of the lens can easily be identified owing to the complete iris transil-
lumination. Examination of the fundus shows absence of melanin pigment
and foveal hypoplasia. Individuals often have coarse nystagmus and pho-
tophobia, and best-corrected vision is reduced to 20/200 to 20/400.1314
They may develop a compensatory head posture to dampen their nystag-
mus and afford them the best vision. Various mutations of the tyrosinase
gene on chromosome 11q14-21 have been reported in OCAI A."'2
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Other types of tyrosinase-related albinism encompass a group of
patients in whom melanin pigment in the eye, skin, and hair is absent at
birth, but then develops in variable amounts, owing to mutations of the
tyrosinase gene encoding an enzyme with residual function.20 In one of
these groups-Yellow OCA (OCAl B, McKusick 203100.0006-
203100.0007), characterized by the eventual development of yellow or
blond hair-melanin pigment is absent at birth, but pheomelanin and
eventually eumelanin develop in the scalp hair as the individual matures.2'
Although individuals at birth appear to have OCAIA, the developing clin-
ical phenotype is variable in Yellow OCA, apparently related to ethnic
influence and the amount of residual tyrosinase activity. Some individuals
with this type of OCAI actually form nearly normal amounts of hair and
skin pigment as they develop and may appear to have autosomal recessive
ocular albinism. Vision is variably reduced, with one study13 noting a mean
acuity of 20/200 for 7 patients with Yellow OCA. Some pigment can usu-
ally be detected in the iris with biomicroscopic examination.'4 Mutations in
the tyrosinase gene have been described.22 Also included in OCAI with
residual enzyme activity are the unusual presentations of the "minimal pig-
ment" type of albinism (OCAlMP, previously called Type III, McKusick
203280) and "temperature-sensitive" albinism (OCAlTS, McKusick
203100.0012). In OCAIMP, absent cutaneous and hair pigment is noted in
the first few weeks of life, but older individuals have heterogeneous phe-
notypes.23 All have nystagmus and foveal hypoplasia, with a recent report
of 9 patients noting vision between 20/50 and 20/200.24 Some individuals
with OCAlMP may develop iris pigment detected with biomicroscopy.
Diagnosis is made when these features of OCA are associated with low
hairbulb tyrosinase activity in the affected individual and one parent, with
the other parent having normal activity. In the rare individual with tem-
perature-sensitive albinism, residual tyrosinase enzyme activity increases
with decreasing temperature, producing white hair on the warmer por-
tions of the body (axilla and scalp), with pigmented hair developing on the
cooler parts of the body (arms and legs), similar to the Siamese cat.'2'5 This
is due to a missense mutation in the tyrosinase gene, resulting in the pro-
duction of a tyrosinase polypeptide that is temperature-sensitive.26 A
patient with OCAlTS has been reported with 20/200 vision, nystagmus,
foveal hypoplasia, and absence of ocular melanin pigment.27 Individuals
with OCAlMP and OCAlTS are usually compound heterozygotes, having
two different abnormal tyrosinase alleles.

As more molecular information becomes available, it appears that
OCAI represents a spectrum of phenotypes from absence of skin, hair,
and eye pigment to nearly normal adolescent and adult skin and hair pig-
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ment. This spectrum is the result of tyrosinase gene mutations that are
associated with variable amounts of residual enzyme function. No tyrosi-
nase function at this critical stage of melanin synthesis leads to a life-long
lack of melanin production, whereas increasing amounts of residual
enzyme function will be associated with increasing amounts of melanin
formation. It is not always possible to identify particular patients with
OCAIB or OCAlMP, as they are part of the OCAl spectrum with varying
phenotypes.

OCA2

In contrast to OCAI, melanin pigment is present in the hair and eye at
birth and develops in the skin in OCA2 (Type II, tyrosinase-positive
albinism, McKusick 203200.0001, 203200.004-203200.006). In these indi-
viduals, tyrosinase activity is normal and deficient melanin pigment results
from defective synthesis or function of a transmembrane protein that is
required for melanogenesis. These individuals show varying phenotypes,
related in large part to their ethnic background.', A variable degree of iris
transillumination is present owing to variable amounts of melanin pigment
in the posterior iris epithelium and in the iris stroma. It has been suggest-
ed that, with increasing age, pigment gradually accumulates in this type of
albinism, first at the pupillary border.'4'28 Although vision is often better in
OCA2 than in OCAI, the characteristic features of nystagmus, foveal
hypoplasia, and misrouting of the retinofugal pathways are common to
both.'3

BROWN OCA

First identified in Nigeria, individuals with Brown OCA (Type IV,
McKusick 203290) readily tan and have more melanin pigment in their
skin and hair than most individuals with albinism, but less pigment than
their normally pigmented family members.'930 More recently, King and
associates3' have presented the clinical findings in 7 patients with Brown
OCA who were seen in the United States. Since these patients had more
pigment in their hair, skin, and eyes than is usually associated with OCA in
the United States, their previous diagnoses included congenital nystagmus
or disorders of the retina other than albinism. Electron microscopy of hair-
bulbs and skin showed a reduced number of mature stage IV
melanosomes, accounting for the reduced pigmentation. Best-corrected
visual acuity varied from 20/60 to 20/150. Myopia greater than 7.50
diopters was noted in 3 of the 7 patients. Interestingly, only 1 of the 7
patients with Brown OCA seen in the United States was noted to have
strabismus, and this was successfully corrected with extraocular muscle
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surgery. Stereoacuity was not reported in this series, and all patients had
nystagmus. Clinical examination of the fundus showed some melanin pig-
ment accumulation and a "muted" foveal light reflex. The characteristic
absence of both an annular depression in the macula and normal vascular
wreathing of the macula is seen in an accompanying fundus photograph.3'
Thus, despite an increased amount of melanin pigment detected with
examination of the fundus, normal macular and foveal architecture did not
develop in these patients.

SECONDARY OCA

Finally, unusual forms ofOCA may be associated with systemic conditions
that often are more serious than the amount of hypopigmentation. These
include Hermansky-Pudlak syndrome (HPS) (McKusick 203300) and
Chediak-Higashi syndrome (CHS) (McKusick 214500), both of which are
inherited as autosomal recessive disorders. In both conditions, visual acu-
ity is variable.32-3" A previous study of 20 patients with HPS showed that
best-corrected Snellen acuity ranged from 20/60 to 20/400 and all had nys-
tagmus, but a correlation with the variable amount of iris transillumination
was not found.37 Interestingly, 5 of these reported patients had anterior
displacement of Schwalbe's line, and 2 patients had microcornea. In
another report of 55 patients with HPS,38 vision ranged from 20/50 to
5/200, 15 had posterior embryotoxon, and 4 had Axenfeld's anomaly.
Axenfeld's anomaly has been reported in other types of albinism, and the
relationship between anterior segment abnormalities and albinism may be
more than coincidental, and is perhaps related to deficient pigment dur-
ing ocular development.394 All 11 patients with HPS who had visual
evoked potentials performed showed abnormal decussation of the retinos-
triate fibers.37 Occurring most often in the Puerto Rican population, cuta-
neous hypopigmentation is also variable in HPS.?845 Diagnosis of this dis-
order, made by absence of dense bodies in platelets, is essential to alert the
physician to the associated findings of excessive bleeding due to abnormal
platelet aggregation, particularly with administration of aspirin, and pul-
monary fibrosis and inflammatory bowel disease due to deposition of a
ceroid-like material in the reticuloendothelial system, lung, and gastroin-

38,4655testinal mucosa. -
Increased susceptibility to bacterial infections is found in CHS, in

addition to the typical findings of OCA.'6-57 The hair has a characteristic
metallic gray color, and reduction in visual acuity is variable; ocular find-
ings are often subtle, as these individuals frequently have a moderate
amount of melanin pigment in their eyes.32"' Leukocytes contain giant
cytoplasmic granules, suggesting a membrane defect."9 Individuals with
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CHS who survive the recurrent infections typically develop cranial and
peripheral neuropathies6" and serious lymphoreticular infiltration.4

OCULAR ALBINISM

Individuals with OA typically have some ocular pigment and often have
better vision than is found in patients with OCA, although other ocular
features are similar.6' Ocular albinism is divided into 2 types according to
the inheritance pattern: autosomal recessive OA (McKusick 203200.0002,
203310, OA3), occurring equally in males and females, and X-linked OA
(OAI, Nettleship-Falls OA, McKusick 300500), with symptoms occurring
primarily in males'62-64 and the gene having been mapped to the short arm
of the X chromosome (p22.3 region).i67 One patient with OA3 has been
found to have a deletion on the long arm of chromosome 6, but the sig-
nificance of this for pigmentation is not known.68 Another X-linked disor-
der described in the Aland Islands was referred to as OA2, but routing of
the optic fibers was subsequently found to be normal, in contrast to the
excessive decussation that is characteristic of albinism.69 Recent studies of
patients with presumed autosomal recessive OA (OA3) have shown that
some have mutations of the tyrosinase gene, suggesting that some of these
patients actually have OCA1.70

Although cutaneous pigment is generally normal in OAI, hypopigment-
ed macules may be present, and giant melanosomes are found in both cuta-
neous and ocular melanocytes, suggesting that the defect in pigmentation is
not confined to the eye.7' Skin biopsies showing these giant pigment granules,
which are up to 10 to 12 times the size of normal melanosomes, can be help-
ful in making the diagnosis ofX-linked OA in either individuals with the typ-
ical ocular features ofalbinism or the presumed female carrier for OA1.72 The
biopsy specimen requires serial sectioning to avoid missing the enlarged pig-
ment organelles.7"7375 Similar findings have also been noted in hairbulbs.73
Large melanin granules also have been reported in CHS, although they are
not identical to those associated with OA1.597&78

The obligate heterozygotes in autosomal recessive OA have no ocular
or cutaneous abnormalities. However, the mother who carries the gene for
X-linked ocular albinism typically has variable ocular findings but only
rarely has symptoms.74'75'79-83 Careful ophthalmic examination of the obligate
carrier for X-linked OA discloses some areas of iris transillumination
and/or areas of hyperpigmentation in the fundus in 80% to 90% of het-
erozygotes.75'487 This pigmentary mosaicism in the fundus is a clinical man-
ifestation of lyonization effect or X inactivation, where 1 of the maternal X
chromosomes has the ability to produce normal pigment and the other X
chromosome carries the gene for deficient melanin synthesis.
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OPHTHALMIC FEATURES OF ALBINISM

REDUCED VISION

One of the most disabling features of albinism is the reduced vision that
these individuals typically demonstrate. Anecdotal reports8m" suggest that
visual maturation may be delayed in children with albinism, but it is not
clear whether visual development progresses normally to a point where it
is then arrested at a level determined by the potential for that particular
individual, or, alternatively, visual development is delayed from birth and
proceeds at a reduced rate until the full potential is reached. Visual acuity
is variably reduced in albinism, depending in part on the type of albinism
and amount of ocular melanin pigment.1"21344"1691 Reports ofvision vary from
20/20 to 20/400,619192 but frequently vision is reduced to 20/100 to
20/200. A study of the nystagmus low retinal slip velocities in patients
with albinism suggests that factors other than nystagmus account for the
limited visual resolution.95The reduction in vision may be due, in part, to
the constant association of foveal hypoplasia and associated structural and
anatomical alterations of the foveal cone photoreceptors.19"198

High refractive errors are not unusual, and even with glasses, vision
may not improve to a level at which a driver's license can be obtained.
14,37,44,618194,99,100 However, many persons with albinism do well in school with
preferential seating and can experience some improvement in vision with
optical correction of their refractive error. Spectacles may be tolerated
better when used to correct a large amount of hyperopia, compared with
correction of myopia or astigmatism.'01 Only rarely do spectacles actually
reduce visual acuity; this is related to distortion caused by viewing the visu-
al target through the periphery of the spectacle lens when a marked head
turn is required to dampen the associated nystagmus.37 Contact lenses
either for refractive correction or for limiting the amount of light reaching
the retina have not been shown to be preferable over glasses.93'94"02 As chil-
dren with albinism mature in the educational system, they face increased
visual demands and smaller print size, and they can benefit from bifocals,
low-vision aids, or enlarged print.'261'94'99"00"02

Many persons with albinism learn to adopt a compensatory head pos-
ture where the amplitude of nystagmus diminishes and vision improves.
Some will show a reduction in the amplitude of their nystagmus over time,
and this may contribute to a subjective improvement in vision. At times,
individuals with albinism are also noted to have a head tremor or nodding
with visual fixation, but the significance of this for vision and its relation-
ship, if any, to nystagmus are unknown.378"94

Visual acuity in the adult with albinism varies, and clinical observa-
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tions suggest that vision is related, in part, to the amount of melanin pig-
ment that develops in the eye.24 Previous reports have shown that some
individuals with albinism have almost normal vision.9'92"03 Because family
members with albinism can have varying amounts of reduction in visual
acuity, these "atypical" individuals are often discovered only with routine
examination of relatives of a patient with the more typical features of
albinism, including reduced vision. The findings of iris transillumination,
foveal hypoplasia, reduced stereoacuity, and misrouting of the optic fibers
allow the diagnosis of albinism to be made in these individuals with almost
normal visual acuity. Another patient with blond hair, nystagmus, and visu-
al acuity of 20/25 monocularly and 20/20 binocularly was diagnosed with
tyrosinase-related albinism only when molecular analysis disclosed 2 muta-
tions of the tyrosinase gene.'03 As molecular analysis becomes more readi-
ly available, accurate diagnosis of albinism, as well as the specific type of
albinism, may be more easily ascertained.

Color vision is usually normal or only mildly abnormal in albinism.F473
An increased number of errors without a specific axis have been found
with the Farnsworth-Munsell 100-hue test, and widening into the red por-
tion of the Rayleigh equation using the Nagel anomaloscope has been
reported."04'105 Such may be related to the decreased density of cones and
absence of a rod-free zone within the macula of patients with albinism, in
addition to associated abnormalities in neural circuitry.",96,97"05

PHOTOSENSITIVITY
Another common, although not universal, finding in albinism is photosen-
sitivity or photoaversion, and parents often report that their children with
albinism squint or close their eyes when exposed to bright light, beginning
in infancy. Increased light scattering in eyes of individuals with albinism is
reported and has been felt to reduce image contrast."0' However, the
degree of ocular pigment is not always correlated with the subjective
report of photosensitivity.37'38 Although photosensitivity in albinism proba-
bly represents reduced filtering of light by the deficient ocular melanin
pigment,"'1 photophobia has also been reported in other retinal disorders,
such as Leber's congenital amaurosis and cone dystrophy where pigment
is not deficient.'07 A bonnet, cap, or visor can help to shield the eyes from
the sun, and some persons with albinism prefer tinted or shielded specta-
cles to reduce the sun sensitivity."2"14"01"102"18"19

STRABISMUS

Strabismus is a frequent finding in albinism, with both horizontal and ver-
tical deviations being noted.'38194102 The unusual associations of OCA with
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Duane's syndrome and the marked V-pattern esotropia that is characteris-
tic of Apert's syndrome have also been reported.110""1 Since the strabismus
is present in childhood, individuals with albinism do not typically note
diplopia. Despite the high frequency of strabismic deviations, amblyopia -
or the need for optical penalization or pharmacologic therapy - is not fre-
quently noted, and most often the reduction in reported visual acuity is
symmetric.-' One report has noted improvement in vision in an esotropic
eye of a patient with albinism following spectacle correction and occlusion
therapy.112 Even though strabismic amblyopia appears to be unusual in
persons with albinism, it has been suggested that bilateral meridional
amblyopia can develop owing to the presence of primarily unidirectional
nystagmus that is present from an early age."13

When large-amplitude nystagmus coexists in patients with strabismus,
as is typical of individuals with albinism, accurate measurement of the
angle of misalignment can be difficult. Individuals with albinism and
esotropia may have the appearance of orthophoria on casual gaze owing to
the presence of positive angle kappas.37 A rapidly performed alternate
prism cover test, however, may quantify the strabismus.37 Similarly, those
with larger esodeviations measured by alternate prism cover may appear
to have smaller deviations by Krimsky measurement. Thus, since patients
with albinism typically do not have the topographic anatomy required for
cortical binocularity, and their alternate prism cover measurements are
typically different from Krimsky measurements, planning for extraocular
muscle surgery may be best determined by the Krimsky measurement
instead of the more frequently used alternate prism cover test. For exode-
viations that appear greater with Krimsky measurements than alternate
prism cover measurement, preoperative use of corrective prism can alert
the clinician to the potential for diplopia following strabismus surgery that
is performed for the Krimsky measurement.

IRIS TRANSILLUMINATION

Because of deficient melanin pigment in the iris stroma and posterior iris
epithelium, light reflected from the retina is not filtered, and individuals
with albinism can show pink, diaphanous-appearing irides. One method of
quantifying iris translucency (QUIT) in albinism has been described by
Wirtschafter and associates."4 A neutral density filter is placed between
the observer and the pupil of the eye, so that brightness of reflected light
is equalized between the pupil and the iris. This technique uses a fiberop-
tic transilluminator held on the lower lid and an observer distance of 25
cm. Another study used contrast detection to determine light scattering
through the iris in individuals with albinism, by directing a 1-mm2 spot of
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incandescent light toward the midposition on the inferior iris."*
A more popular method that is currently used to assess iris translu-

cency uses the slit-lamp biomicroscope. With slit-lamp biomicroscopy, the
examiner can frequently detect transillumination defects even in individu-
als without obvious iris translucency detected on casual gaze or with use of
an external transilluminator. After the examiner has become accustomed
to the dim illumination in the examining room, a small beam of light from
the slit-lamp biomicroscope is directed through the pupil. The orange-
appearing transillumination defects may be scattered and punctate, or dif-
fuse transillumination of an iris with minimal or no pigment may be noted.
A grading scheme for recording iris transillumination with slit-lamp bio-
microscopy using a reference set of standard photographs has been
recently published: grade 1, representing a marked amount of pigment in
the posterior iris epithelium and the finding of punctate transillumination
defects; grade 2, with a moderate amount of iris pigment and a greater
amount of transillumination; grade 3, showing a minimal amount of iris
pigment, often located in the iris stroma at the level of the collarette and
almost complete iris transillumination; and grade 4, in which there is full
iris transillumination and visualization of the edge of the lens due to com-
plete absence of iris pigment.37 A similar descriptive grading of iris translu-
cency has been used to document the iris pigment in obligate heterozy-
gotes for OA1.75 Another report graded iris transillumination by number of
degrees (900 to 3600) of involvement.74

NYSTAGMUS

Nystagmus in albinism, typically horizontal in direction and pendular or
jerk in character, can be a cosmetically noticeable abnormality in affected
persons, particularly early in life.11,119 It has been suggested that the char-
acteristics of the nystagmus may vary among types of albinism and there-
by influence visual acuity.118 Often persons with albinism learn to adopt a
compensatory head posture to take advantage of the reduced amplitude
associated with the null point, to improve vision. In addition, analysis of
the nystagmus waveforms in patients with albinism has shown improved
visual acuity with increased duration of low retinal slip velocities.95
Although nystagmus in albinism is thought to be congenital, it may not be
apparent at birth, but rather develops within a few days to several weeks
following birth 14,90,120122 and may disappear as melanin pigment accumu-
lates.23 Occasionally, adult patients with albinism have noted oscillopsia
with visual fixation.37 This subjective response may be related to a change
in the character of the nystagmus with intensive visual effort. Some inves-
tigators have suggested that continuous movement of the retinal image
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owing to nystagmus is the primary optical reason for the degraded retinal
image.106 Interestingly, some patients with otherwise typical ocular features
of albinism, including asymmetry of retinostriate projections with visual
evoked potentials, will have no nystagmus that can be clinically detected
even with scleral search coils."9,92,"5,24 These patients with albinism typical-
ly have normal, or nearly normal, vision.

When a significant head turn develops to dampen the nystagmus, hor-
izontal extraocular muscle surgery (Kestenbaum-Anderson procedure)
can be performed to allow the null point to be shifted to a position closer
to primary gaze, to broaden the minimal intensity zone, and to decrease
the overall nystagmus intensity, with some improvement in vision being
noted.-"'29 More recently, retroequatorial placement of all 4 of the hori-
zontal rectus muscles has been reported to reduce the amplitude of nys-
tagmus and provide some improvement in at least subjective vision, even
in patients with albinism and foveal hypoplasia.Y"3,31 This appears to be
related to an increase in "foveation" time or prolongation of the low-veloc-
ity portion of the nystagmus waveform,'32 but improvement in visual acu-
ity is often only modest. However, even a couple of lines of improvement
in visual acuity can dramatically affect a person's lifestyle, particularly if it
allows the individual to receive a driver's license. Although large recessions
of the horizontal recti do not seem to significantly limit ocular motility, the
long-term effects of such surgery are unknown. The amount of extraocu-
lar muscle surgery for both the Kestenbaum-Anderson procedure and the
retroequatorial recession procedure can be adjusted to simultaneously
improve any notable strabismus.

FUNDUS HYPOPIGMENTATION, FOVEAL HYPOPLASIA, OPTIC NERVE

HYPOPLASIA
A common observation in individuals with albinism is the "blond" fundus
due to the absence of melanin pigment in the retinal pigment epithelium
and choroid. Choroidal vessels are easily visible in the retinal periphery
and can often be seen in the macula. The transparency of the macula
varies among individuals, but the reason for this is not clear.'-' A grading
scheme for macular transparency has been previously published, ranging
from grade 1, with easily visible choroidal vessels, to grade 3, in which the
choroidal vessels are not ophthalmoscopically detectable in the macula.37

Foveal hypoplasia and reduced vision occur not only in association
with rod monochromatism and aniridia, but also as an isolated finding and
in association with other ocular abnormalities not related to albinism.5342
However, albinism is the most common reason for these findings on oph-
thalmic examination. Inspection of the fundus of persons with albinism
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typically shows loss of the annular and foveal reflexes in the macula.
Interestingly, despite the invariable appearance of foveal hypoplasia in
albinism, visual acuity varies from 20/20 to 20/400.13717391929412A Although
angiographic study in 7 patients with albinism showed only mottling of the
pigment epithelium, the normal "wreathing" of the macula by the retinal
vessels is frequently reported to be absent, and, in fact, the retinal vessels
can be disordered and may course directly through the expected area of
the fovea.1437,73,1W,142 Lack of foveal differentiation, the absence of a rod-free
zone in the macula, decreased central cone density, and absence of typical
cylindrical foveal cones have been reported with histopathologic examina-
tion of eyes from humans with X-linked OA and tyrosinase-negative
OCA.171 Spedick and Beauchamp'43 have observed small optic discs in
patients with albinism and noted the similarity of macular and optic nerve
findings between albinism and aniridia.

Although light filtering is reduced in the eyes of patients with
albinism, electroretinography (ERG) has not documented deteriorating
retinal status related to the toxic effects of light exposure. Rather, ERG
recordings are frequently normal or occasionally supranor-
mal.3664738892107"1',45 It is debated whether the supranormal ERG responses
are related to intraocular illumination with light passing through the scle-
ral wall that has deficient melanin pigment, a greater scattering of light, or
other factors.144-1"6 Only rarely has the ERG been reported to be abnormal
in albinism. A mildly subnormal scotopic ERG in 3 patients with autoso-
mal recessive OA was thought to be related to associated myopia.6'
Although 2 patients with HPS, aged 14 and 48 years, had abnormal sco-
topic and photopic ERGs, suggesting a relationship to the known ceroid-
lipofuscin accumulation in this disorder, another patient with HPS, aged
16 years, had a normal ERG.33"47 With another electrophysiologic test,
electro-oculography, a normal ratio has been found in individuals with
albinism."18

MISROUTING OF OPTIC FIBERS

Although normal mammals have a varying, species-specific percentage of
optic fibers that cross at the chiasm, visual pathways in albino animals are
known to be uniformly aberrant.9"51 In normally pigmented humans,
about 53% of the retinal fibers decussate at the chiasm.'5' However, in
human albinism, the abnormal chiasmic decussation of the retinal gan-
glion cells includes the posterior 20° of the temporal retina, leading to an
abnormal arrangement of fibers in the lateral geniculate and an altered
representation of the eye in the visual cortex. This excessive decussation
can be detected with monocular pattern stimulation recorded with elec-
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trodes placed on the scalp over the occiput.'52 The visual evoked potential
that is designed to document the excessive decussation of the retinostriate
fibers at the chiasm can be helpful in ascertaining a diagnosis of albinism,
as this finding appears to be universal, regardless of the type of OA or
OCA."22153-157 Even individuals with secondary OCA due to HPS and CHS
show occipital hemispheric asymmetry that is distinctly different from nor-
mally pigmented individuals when monocular visual evoked potentials are
examined. 37,158

Although some investigators have had difficulty in recording the mis-
routing in patients with albinism, careful attention to methodology and
type of stimulus, in addition to observation of the interocular hemispheric
asymmetry detected with pattern onset-offset visual evoked potentials,
permit differentiation of patients with albinism from patients with other
diagnoses.'52"59 Despite this extensive topographic rearrangement of the
retinocortical fibers in albinism, the aberrant configuration cannot be
detected with magnetic resonance imaging.'60 The functional significance
of this misprojection is probably related to the absence of stereovision that
is typically present in albinism',"'i and may also be related to the oculomo-
tor abnormalities. "5

The origin of the abnormal decussation of retinostriate fibers may be
related to a reduction of melanin during embryogenesis.'62-""4 In embry-
ologic studies of mice, rats, chicks, and Xenopus, Silver and Sapiro"6' have
demonstrated that the presence or absence of melanin pigment in the
primitive eye stalk directs the migration of optic axons as they project pos-
teriorally, thus offering an explanation for the topographic alteration of the
optic tracts in albinism. Strongin and Guillery'66 have noted that degener-
ation of melanosomes near the junction of the optic cup and optic stalk in
several mammalian species may play a role in ocular development. In
addition, female mice with mosaicism due to X-autosome translocation
have shown a variable pattern of decussation, possibly due to variability in
either the gene dosage or the extent of the translocation.'67 In contrast to
these studies, Colello and Jeffery"68 found no relationship between melanin
in the optic stalk and routing of the optic tracts in rats.

When a diagnosis of albinism is suspected but the clinical features are
not always characteristic (eg, nystagmus may be absent, but foveal
hypoplasia is present and there is some reduction in melanin pigment in
the retinal pigment epithelium), detection of this unique misrouting can
be helpful. A visual evoked potential to detect this abnormal projection has
been particularly useful in families who have variable expression of
albinism among its members. There are reports of families with 1 family
member having the typical features of albinism and reduced vision, while
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another affected family member has no nystagmus and normal vision.91'92
However, the presence of foveal hypoplasia, in addition to the excessive
decussation detected by pattern offset-onset visual evoked potentials
recorded from each occiput following monocular stimulation, seem to be
the common features shared by these family members with variable
expressivity of albinism. Moreover, the visual evoked potential can be used
to differentiate patients with nystagmus due to albinism from patients with
nystagmus due to hereditary or idiopathic congenital nystagmus.159169170
Without the visual evoked potential, the diagnosis may be difficult to
ascertain in the patient with albinism and minimal evidence of hypopig-
mentation, as the nystagmus waveforms are similar for albinism and con-
genital nystagmus. Visual evoked potentials have also been assessed in
obligate carriers for albinism and have been found to be similar to nor-
mally pigmented controls.'70"7'

PRESENT STUDIES

While the various ocular features are essential to the diagnosis of either
OCA or OA, it is clearly the limitation on visual acuity that is the most clin-
ically significant for persons with albinism and of the most concern to the
parents. The current investigation explores vision in albinism from 3 per-
spectives: Project I, the development of vision; Project II, the effect of
light on measured visual acuity; and Project III, the relationship between
melanin pigment in the macula and visual potential.

PROJECT I. VISUAL DEVELOPMENT IN ALBINISM

INTRODUCTION

Delayed visual maturation has been reported as both an isolated finding
(group I), and in association with either mental retardation (group II) or
ocular abnormalities (group III).171-174 Reports of children with delayed
visual maturation have occasionally included patients with albinism. These
studies suggest that the rate of visual development may be delayed in
albinism""0""2',174,175; however, they include only a few patients with a diagno-
sis of albinism, and data are often grouped with patients who have differ-
ent diagnoses. In addition, the assessment of vision is often qualitative.
The patients' greater age at time of initial examination and reduced fre-
quency of visual acuity determinations limit interpretation and generalized
application to the rate of visual development in patients with albinism.
Moreover, there has been no effort to relate visual development to the
amount of ocular melanin pigment.

The acuity card procedure is a standard office technique to quantita-
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tively assess visual acuity in young patients.'76-179 The cards present a rec-
tangular gray field with a high-contrast, black-and-white striped patch of
equal luminance located at one end of the card. Successive cards, pre-
sented with random location of the patch to the child's right or left, have
progressively smaller stripes. Using preferential looking techniques, grat-
ing (resolution) acuity is measured by determining the highest spatial fre-
quency that elicits a behavioral response from the child when observed by
a masked examiner. This technique is part of the routine examination of
children who are too young to cooperate with assessment of recognition
acuity measured with letters, numbers, or figures. Statistically valid nor-
mative data for grating acuity, obtained from large populations of children
with normal ophthalmologic examinations and normal development, are
available to describe the development of both monocular and binocular
grating acuity.180'81 In contrast to previous studies, these more recent stud-
ies of normal children excluded individuals with larger refractive errors
from the study population.

The current study examines data for grating acuity development in a
group of young children with albinism, to determine how it differs from a
normative population. In addition, the possible relationship of grating acu-
ity to the amount of ocular pigment was investigated to determine if pig-
ment production influenced acquisition of this visual function.

MATERIALS AND METHODS

Patients
This study was approved by the Review Board at this institution. After
informed consent was received from the parents of the children, 40 con-
secutive patients under 3 years of age with a diagnosis of albinism were
entered into a prospective study of visual development. Age at which
vision was assessed was recorded as corrected age (ie, age from expected
date of confinement [EDC]), for the 4 children who were born more than
2 weeks before EDC. No child in this study was born at a gestational age
less than 36 weeks. Refractive correction was used with hyperopia greater
than 4.50 diopters at 6 months of age and greater than 3.25 diopters at or
beyond 1 year of age, myopia greater than 2.50 diopters at any age, astig-
matism greater than 2.00 diopters at or beyond 2 years of age, and ani-
sometropia greater than 2.50 diopters spherical equivalent, as determined
by cycloplegic retinoscopy. The one exception was a patient who was
found to have increasing astigmatism to the level of 3.00 diopters at 18
months of age. Owing to a marked head turn to dampen his nystagmus,
refractive correction was not used, as eccentric viewing through the lens
would distort the visual image.
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A diagnosis of albinism was made by the ophthalmic features of absent
or reduced pigment in the posterior iris epithelium, detected by transillu-
mination with biomicroscopy, and absent or reduced melanin pigment in
the fundus, in addition to foveal hypoplasia. All but 1 patient developed
nystagmus. One patient underwent retroequatorial placement of all 4 hor-
izontal rectus muscles at 15 months of age and another underwent a
Kestenbaum-Anderson procedure for a 350 left head turn at 38 months of
age. Nine patients were found to have amblyopia, determined by absence
of maintained fixation using an accommodative target,"'-"l' and received
part-time occlusion therapy appropriate for age. Owing to technical diffi-
culty in accurately performing visual evoked potentials to detect excessive
crossing of the retinostriate fibers in very young children with albinism,
only 2 of the patients underwent this confirmatory evaluation.
Examination by a geneticist confirmed reduced cutaneous and hair pig-
ment in 35 patients. Six of these patients had absent cutaneous, hair, and
ocular pigment and were recorded as having OCA1A. Four additional
patients with residual enzyme activity had a diagnosis of tyrosinase-related
albinism (OCAI) based on molecular studies. For the remainder, type of
albinism was determined by the geneticist after reviewing the clinical, bio-
chemical, and molecular findings.'2

Eye Examination
Eye examination included recording of iris transillumination using slit-
lamp biomicroscopy in a darkened room, according to a previously pub-
lished grading scheme.37 In this scoring system, grade 1 transillumination
represents scattered punctate transillumination defects, and grade 4 tran-
sillumination is full iris transillumination due to absence of melanin pig-
ment. Macular development was assessed by indirect ophthalmoscopy
through dilated pupils. Determination of the presence of melanin pigment
in the macula and grading of macular transparency was done by examina-
tion with the direct ophthalmoscope, according to a standard set of refer-
ence photographs where grade 1 macular translucency represents
choroidal vessels being easily detected in the macula, and grade 3 repre-
sents an opaque-appearing macula where the choroidal vessels cannot be
visualized.37

Visual Acuity Procedures
The acuity card procedure, using the Teller acuity cards (Vistech
Consultants, Inc, Dayton, Ohio), was used to determine visual acuity dur-
ing the first 3 years of life in this project. Objective measurement of visu-
al acuity was assessed by a certified technologist or orthoptist who had
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extensive experience in examining young children and in performing the
acuity card procedure. Using the method described by McDonald'76 and a
full set of 15 acuity cards in one-half octave' steps from 0.32 to 38
cycles/cm, the tester was masked to the location of the 15.5 x 15.5-cm
striped patch, and proceeded to a patch with smaller stripes until the loca-
tion of the stimulus could not be detected by the child's behavioral
response. Recognition of the grated patch required that the examiner
observe head and/or eye movements toward one side of the card. At least
three reversals were presented for each test condition, to assure an accu-
rate judgment of recognition. The specific card with the highest spatial
frequency (finest grating) at which the child could reliably localize the tar-
get at a defined distance was recorded in cycles per centimeter as the visu-
al acuity. Patients were allowed to use compensatory head postures during
the acuity measurements. Measurements were made without the use of a
gray masking screen, at a distance of 38 cm from the child up to 12 months
of age, 55 cm for children beyond 12 months but less than 34 months of
age, and 84 cm for children 34 months of age and older. The Teller acuity
cards were presented in a standard horizontal manner (vertical gratings)
from lower to higher spatial frequencies, initially in one-octave steps until
no response was elicited, and then in one-half octave steps, to determine
threshold acuity, using a modified staircase procedure. The cards were
first presented binocularly, and then monocularly, with the right eye test-
ed first, under standard luminance of greater than 10 candela/M2n. An
occlusive patch was used for monocular acuity measurement, because fog-
ging the nontested eye was not feasible in this young group of patients with
nystagmus and head turns. The measurements were compared with previ-
ously published normative data.",""

For children reaching an age of greater than 3 years during the study,
binocular and monocular recognition acuities were also recorded using
picture matching (linear Allen figures), letter matching (HOTV test), or
letter identification (Snellen acuity), with a letter acuity being preferred if
the child could cooperate with the testing. Testing was performed at 20 ft,
using the BVAT II (Mentor Ophthalmics, Santa Barbara, Calif) and refrac-
tive correction. The line with the smallest letters of which the child could
successfully identify at least half of the symbols was recorded as recogni-
tion acuity. The caretakers had received information on practicing the
technique of matching pictures or letters, or identifying letters, prior to
the visit.
'An octave is a doubling or halving of the visual acuity (eg, the difference between 2.20
cycles/degree and 4.40 cycles/degree, or the difference between a Snellen acuity of 20/50 and
20/100. At a test distance of 55 cm, grating acuity of 2.40 cycles/degree is approximately
equivalent to Snellen acuity of 20/60.
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Parental Assessment of Visual Development
An attempt was made to correlate the objective findings of the visual acu-
ity measurements with the parents' subjective assessment of visual devel-
opment. Parents were queried regarding their perception of their child's
visual development by completion of a written questionnaire. They were
also asked if imaging techniques were used to evaluate the child's vision or
ocular characteristics prior to a diagnosis of albinism being made.

Data Analysis
Grating acuitywas converted from cycles per centimeter to cycles per degree for
analyses. For data analysis, grating acuitywas converted to logarithmic values. No
assumptions regarding distribution of the data were made, and therefore non-
parametric tests were used for statistical evalution. The Wilcoxon matched pairs
test was conducted for interocular acuity differences for monocular acuities in the
following ten age groups: 1, 3, 6, 9, 12, 15, and 18 months (± 1 months), and 24,
30, and 36 months (± 2 months). Grating acuity measurements in these age-
groups were compared with current normative data from Mayer and associates'"
for monocular acuity, and from Salomao and Ventura'81 for binocular acuity. A
relationship between the presence or absence ofpigment and grating acuity was
evaluated using the Mann Whitney U test. Finally, Pearson's correlation coeffi-
cient was used to evaluate the relationship between grating acuity and recogni-
tion acuity, after both acuities had been expressed as cycles per degree on a log-
aritimic scale.115'86Statistical significance was defined as P< .05. Data analyses
were performed using STATISTICA (StatSoft, Tulsa, Okla).

RESULTS

Twenty-five males and 15 females under 3 years of age participated in this
grating acuity study (Table I). The type of albinism was classified as ocular
albinism in 5 patients, with 2 known to have X-linked OA. The remaining
35 patients had oculocutaneous albinism; included in this group were 9
patients with tyrosinase-related albinism, determined by absence of any
pigment on clinical examination (OCAIA), or detection of a mutation of
the tyrosinase gene; 1 patient with HPS; 1 patient with OCAlMP; and 1
patient with Brown OCA. For 22 additional patients with a pigmenting
type of albinism, historical information and clinical examination suggested
a diagnosis of OCAI (9 patients) or OCA2 (13 patients). The type of
albinism could not be determined in 1 patient.

Eye Examination
Ten of the patients had no ocular pigment detected, and slit-lamp biomi-
croscopy showed full iris transillumination (grade 4) (Fig 1). Thirty of the
40 patients developed some iris pigment: 8 had minimal iris pigment
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TABLE I: VISUAL DEVELOPMENT STUDY:

PATIENT CHARACTERISTICS IN PROJECT 1

TYPE OF
PATIENT SEX ALBINISM

GRADE OF GRI
TRANS-IRIS MA

ILLUMINATION TRAN'

1 M OCA2 2
2 M OCAl 1
3 M OCAlA 4
4 M OCAlA 4
5 F OCA2 3
6 M OA 3
7 M OA 3
8 M OCAl 2
9 M OCAl 0
10 F OCA2 0
11 M OCA2 3
12 M OCAlA 4
13 M OCA2 2
14 F OCAl 1
15 F OCA2 2
16 F OCAl 3
17 F OCA2 4
18 M OCAlMP 2
19 F OCAl 1
20 M OA 2
21 M OAI 2
22 F OCA2 1
23 M OA1 3
24 M OCAI 1
25 M OCAl 1
26 M Brown OCA 2
27 M OCA2 4
28 F OCAl 4
29 M OCA2 2
30 F OCAl 1
31 F OCA2 1
32 F OCAI 2
33 F OCAI 4
34 F OCA2 1
35 M HPS 3
36 F OCAlA 4
37 M OCAIA 3
38 M OCA2 4
39 M NK 2
40 M OCAl 4

A, Allen figures; H, HOTV; S, Snellen letters; NK, not known.

ADE OF RECOGNITION
LCULAR VISUAL
SLUCENCY ACUITY*

1 20/160 (S)
2 20/125 (H)
2 20/125 (H)
1 20/125 (S)
1 20/160 (H)
2 NK
2 NK
2 NK
2 20/100 (H)
3 20/60 (H)
1 20/125 (H)
2 NK
2 NK
3 20/60 (H)
2 NK
1 20/125 (S)
1 NK
3 20/200 (S)
3 20/60 (S)
1 20/70 (H)
3 20/100 (S)
3 NK
2 NK
1 20/125 (H)
1 NK
3 20/125 (S)
2 NK
2 20/200 (A)
3 20/125 (H)
3 20/80 (A)
2 20/125 (S)
2 20/160 (H)
2 20/100 (S)
3 20/70 (S)
2 20/100 (H)
2 20/160 (H)
2 20/100 (S)
2 NK
2 20/100 (A)
1 NK
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FIGURE 1

Slit-lamp photograph showing full iris transillumination (grade 4) due to complete absence
of melanin pigment. Edge of lens is easily seen through translucent iris.

(grade 3 transillumination); 11 had moderate iris pigment (grade 2 iris
transillumination); 9 had marked iris pigment (grade 1 iris transillumina-
tion) (Fig 2); and 2 had full iris pigment (no iris transillumination). Eight
showed clinical evidence of fine, diffuse melanin pigment in the retinal
pigment epithelium with direct ophthalmoscopy. Macular transparency
was graded as 1 (choroidal vessels easily visible) in 10 patients, 2 (choroidal
vessels visible but indistinct) in 20 patients, and 3 (choroidal vessels not
visible in macula) in 10 patients. Pearson's correlation coefficient showed
a statistically significant relationship between increasing iris grade
(decreasing iris pigment) and decreasing grade of macular translucency
(decreasing opaqueness) with r=-.406 (P = .009). No distinct relationship
between either iris transillumination or macular transparency and type of
albinism was found, but all patients with OCAlA had full iris transillumi-
nation, as expected.
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FIGURE 2

Slit-lamp photograph showing minimal iris transillumination (grade 1) due to presence of
marked amount of melanin pigment in posterior iris epithelium.

Success in Testing
Binocular grating acuity measurements were successfully obtained in
86.8% of the test sessions, and monocular measurements were obtained in
83.6% of the sessions. Specific testability rates for each age-group are
given in Table II. The number of independent visual acuity sessions to
measure grating acuity was: one, 7 children; two, 7 children; three, 7 chil-
dren; four or more, 19 children. Twenty-seven children participated in a
recognition acuity measurement at age 3 years or older. Recognition acu-
ity was measured with Snellen letters in 11 patients, with HOTV letters in
13 patients, and with Allen figures in 3 patients.

Development of Grating Acuity
Grating acuity (cycles per degree) was converted to octaves (log10
[cycles/degree] . 0.301) for reporting of standard deviation and for plot-
ting of data. Of 152 monocular grating acuity testings, there was an inte-
rocular acuity difference of one-half octave or less in 89% of testings and
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TABLE II: SUCCESS IN GRATING ACUITY TESTING FOR PATIENTS WITH ALBINISM

BINOCULAR MONOCULAR

AGE (MO) No. % No. %

1 2/2 100.0 1/2 50.0
3 6/9 66.7 3/9 33.3
6 15/18 83.3 12/18 66.7
9 14/15 93.3 15/15 100.0
12 22/26 84.6 24/26 92.3
15 9/13 69.2 10/13 76.9
18 12/14 85.7 12/14 85.7
24 20/22 90.91 20/22 90.9
30 19/19 100.0 16/19 84.2
36 13/14 92.9 14/14 100.0

one octave or less in 97%. In 86% of monocular testings, the same acuity
was recorded for the right and left eyes. The difference between binocu-
lar and monocular grating acuity was significantly different at the follow-
ing ages: 6 months (P = .028), 12 months (P = .002), 24 months (P = .002),
and 30 months (P = .008), using the Wilcoxon matched pairs test.

Scatterplots of the raw data for monocular and binocular acuity mea-
surements show high intersubject variability (Figs 3 through 5). The
means and standard deviations for grating acuity data, adjusted to include
only data that were distributed within the defined age-groups, are given in
Tables III and IV. Comparison with age-matched norms"'l," is shown in
the accompanying graphs (Figs 6 and 7). Monocular data (Table III, Fig 6)
is recorded only for right eyes, as right and left monocular acuity compar-
isons showed no statistically significant difference for any of the age-
groups, and statistical methods are most valid for monocular data when
information from only one eye is used.187

Mean binocular and monocular acuities for the study population are
reduced approximately two to three octaves compared with available
means for a normal population between 6 months and 3 years of age.
Despite a reduced number of acuity measurements within the first 6
months of life, it appears that vision does not initially fail to develop and
then plateau to a lower visual level than normal; rather, binocular and
monocular vision at any age appear to be equal to or less than expected for
normal. Only the binocular means at 1 and 3 months of age fall within the
tolerance limits for 90% of the normal population with 95% probability.
Only at 3 months of age does the monocular grating acuity fall within the
lower 2.5% prediction limits of normal.

Statistical analysis was performed to detect a difference in grating
acuity between patients without iris pigment (grade 4 iris transillumina-
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FIGURE 3

Scatterplot of raw data for monocular (right eye) grating acuity in patients with albinism. The

y-axis is plotted in octaves.
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Scatterplot of raw data for monocular (left eye) grating acuity in patients with albinism. The

y-axis is plotted in octaves.
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FIGURE 5

Scatterplot of raw data for binocular grating acuity in patients with albinism. The y-axis is
plotted in octaves.

TABLE III: MONOCULAR GRATING ACUITY IN ALBINISM

MEAN ACUITY

AGE (MO) N (CYCLES/DEGREE) SD* (OCTAVES)

1 1 0.22

3 3 1.37 0.04
6 12 0.95 4.11
9 15 1.47 0.30
12 24 1.66 0.41
15 10 2.87 1.50
18 12 2.19 0.27
24 20 2.26 0.74
30 16 3.45 1.13
36 14 4.45 1.30

SD, standard deviation.
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TABLE IV: BINOCULAR GRATING ACUITY IN ALBINISM

MEAN ACUITY

AGE (MO) N (CYCLES/DEGREE) SD* (OCTAVES)

1 2 0.30
3 6 1.31 0.27
6 15 1.24 0.47
9 14 1.40 0.20
12 22 2.19 0.06
15 9 2.04 0.84
18 12 2.56 0.93
24 20 2.69 0.94
30 19 4.47 1.37
36 13 5.76 2.27

* SD, standard deviation.

tion) and those patients with iris pigment (grades 1, 2, or 3 iris transillu-
mination). No statistically significant difference was found between
patients without and with iris pigment in any of the age-groups.

Recognition Acuity
Binocular corrected recognition acuities for Project I are indicated in Fig
8. Mean binocular recognition acuity for this group is 20/111. Regression
analysis failed to show a significant relationship between grating acuity at
12, 24, or 36 months and recognition acuity.

FIGURE 6
Monocular grating acuity development in patients with albinism, compared with means from
normal population (Mayer et al'8). Lower 2.5% limits for normal population are shown by
dotted line.
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FIGURE 7

Binocular grating acuity development in patients with albinism, compared with means from
a normal population (Salomao and Ventural'). Lower 5% tolerance limit for normal popula-
tion is shown by dotted line.
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Distribution of recognition acuities in children with albinism in Project I (mean acuity,
20/111).
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Parental Assessment
Parents of 33 children in this study returned the questionnaire regarding
their child's visual development (response rate, 83%). One indicated that
visual development was unknown, as the child was adopted at 22 months
of age. Of the remaining 32 responses, 69% judged their child's visual
development to be slow, recording a mean age of 5.4 months (range, birth
to 18 months) at which the child began to visually respond in a manner
similar to other children. Parents who did not feel their child showed
delayed visual development reported a mean age of 2.5 months (range,
birth to 3 months) at which visual responsiveness was similar to that of a
child with normal vision. Parents of children who had older siblings were
more likely to report that their child's visual development was slow, but
this difference was not statistically significant (P> .05, chi-square analysis).
Six children had undergone normal cranial imaging studies for their
delayed visual development and nystagmus prior to a diagnosis of albinism
being made.

DISCUSSION

The acuity card procedure is a reliable and efficient method of assessing
grating acuity with high success rates for testability in the preverbal child,
the child with ocular or neurological disorders, and the child with devel-
opmental delay.175'181"11-193 By observing a child's behavioral response, the
examiner can detect the highest spatial frequency that the child can visu-
ally resolve. Vision as assessed with the acuity card procedure develops
rapidly within the first 6 months of life and then more slowly progresses to
nearly an adult level by approximately 3 years of age in a normal popula-
tion.180181,194This duration required for visual development has been attrib-
uted to progressive foveal development, optic nerve and tract myelination,
and central nervous system maturation.195-201 When delayed visual matura-
tion occurs, it may occur as an isolated finding or be associated with neu-
rologic or ocular abnormalities.'74 This study is the first to report grating
acuity in a large group of children with albinism, and to compare these
results with normative data for visual development from the first 3 years of
life. The results suggest that albinism is one of the ocular disorders associ-
ated with abnormal visual maturation, in addition to reduced visual poten-
tial.

The visual potential in albinism is usually limited, presumably owing
to the combination of foveal hypoplasia, nystagmus, photosensitivity, and
other less well-recognized factors. Wilson and associates96 have studied
various psychophysical visual functions in 2 children with albinism and
concluded that the deficits in spatial vision may be due to an arrest in reti-
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nal development. Fielder and colleagues89 described the abnormal visual
development in albinism as reduced or absent responsiveness at birth,
with rapid improvement to a normal level thereafter coincident with the
onset of nystagmus; this is followed by a plateau in visual development so
that continued improvement to a normal level of acuity is not achieved. In
another study, Fielder and colleagues'74 examined recovery of visual func-
tion by qualitative means in 6 patients with delayed visual maturation and
nystagmus, 2 of whom had albinism. For this group, the range of visual
improvement was between 16 and 36 weeks of age, and variability in time
and speed of visual recovery was noted, with the maximal level of vision
correlating with the ocular diagnosis accounting for the nystagmus.
Jacobson and coworkers8" studied development of grating acuity in an
infant with tyrosinase-negative OCA, using forced-choice preferential
looking techniques, with a luminance level of 13 cd/M2n. They found that
acuity was similar to normal infants until about 15 months of age, when it
began to progressively deteriorate until about 3 years of age. In contrast to
the results of previous reports, the results of the current study suggest that
the response to the grating of the acuity cards is reduced in the first 3 years
of life in patients with albinism, although the rate of both monocular and
binocular development tends to parallel the norm, particularly at ages
greater than 6 months. Although limited data were available during the
first 6 months of life, vision during this early time period may be closer to
normal, suggesting an asymptotic curve of visual development in albinism,
compared with a normal population.

In this study, observation by parents supports the concept of delayed
visual development in albinism, particularly when parents have had the
opportunity to observe visual development in a normally sighted older sib-
ling. However, their responses were retrospective and required recollec-
tion of events that occurred months to years earlier. The variability of
parental impressions of visual development of their children with delayed
visual maturation, compared with measurement of visual function using
grating acuity, has been noted previously."'2

Witkop and associates'3 suggested that visual potential is related, in
part, to the amount of ocular pigment. However, this study of young chil-
dren did not show a significant relationship between ocular pigment pro-
duction and visual development, as assessed by the acuity card procedure.
This may be related to the smaller number of subjects in the nonpigment-
ed group (10) compared with the pigmented group (30). In addition,
patients with varying grades of pigment were grouped for data analysis,
perhaps obscuring different rates of visual development for the various
pigmenting types of albinism.
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Both binocular and monocular grating acuity were assessed in this
study and compared with data available from a normal population.
Binocular acuity was better than monocular acuity in these patients with
albinism. Binocular grating acuity has also been found to be one-half to
one octave better than monocular acuity in normal patients.181l'02With the
increased amplitude of nystagmus than can occur with the opaque occlu-
sion that was used'in this study, one might expect that monocular acuity
measurements would be more disparate when compared with normative
data. Patients were allowed to use their compensatory head postures that
could dampen the amplitude of the nystagmus and improve resolution of
the grating,"17 as this provided the best estimate of their functional vision.
The high rate of intersubject variability reported herein has also been
noted in normal populations."4 The interocular acuity difference noted in
studies of normal children was similar to those reported here, perhaps
because these children received refractive correction and were treated for
amblyopia when it was detected. Although the majority of patients had
three or more grating acuity determinations within the first 3 years of life,
not all were available for testing at the same age intervals, introducing
some bias into the data, and weighting it toward the patients who were
able to return more frequently. It should be noted that only the data for
the indicated age intervals were used for the visual development graphs,
to allow comparison with published normative data that is based on a
cross-sectional sample.

There are other inherent weaknesses in the present study. Although
the number of children with albinism undergoing grating acuity measure-
ments is greater than in other published studies, the number of acuity
determinations in each age bin is limited compared with larger popula-
tions on which normative data were obtained. This reduced power of sam-
ple size limited the ability to detect a difference in the pigmented and non-
pigmented groups. Owing to the small sample size during the first 6
months of life, when the rate of visual development is normally rapidly
increasing, additional study during this time period is warranted. In addi-
tion, a slightly increased range of age for each group was used, with the
potential for greater variability of data and reduced validity with compari-
son to normative data. Yet, the studies of both Mayer and associates'80 and
Salomao and Ventura'8' used somewhat different age-groups of normal
children and found similar results, suggesting that the modest increases in
age ranges in the current study did not adversely affect comparisons.

Methodology for grating acuity measurements also varied from that
described for normative data collection. A reduced distance to the grating
was used at 9 and 12 months of age in the current study, compared with
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the norms. Such a reduced distance has been recommended in testing
patients with visual impairment.203 Nonetheless, similar results have been
recorded in larger studies of normal populations when test distance var-
ied, 80 181 making it unlikely that the test distance influenced the outcomes.
In addition, the start card varied in the current study, but such change in
methodology has not been felt to significantly affect the accuracy of grat-
ing acuity measurement in a normative data study."- Lastly, test-retest
variability was not evaluated, and interobserver reliability among the three
testers was not measured, as recommended by Quinn and associates.214
However, all testers in this study were similarly trained, had considerable
experience in using the acuity card procedure, and had previously demon-
strated agreement in measuring grating acuity in a clinical situation.
Studies have shown good interobserver agreement when multiple examin-
ers are used and training is similar. 18,181,201

In this study, the cards were presented in the standard horizontal
manner that orients the stripes vertically to allow direct comparison with
normative data. This allows comparison of performance on a functional
test of vision in children with albinism to that of a normal population, as is
often requested by parents, educators, and visual consultants, realizing
that grating acuity is not equivalent to measurement of Snellen acuity."91',
However, factors relating to grating orientation may have contributed to
the reduced acuities measured in these patients with nystagmus due to
albinism, compared with normative data for age. Since individuals with
albinism typically have a predominantly horizontal component to their
nystagmus, the vertical gratings may have been more difficult to resolve
owing to blurring as the image moves across the retina.96207208

Such an increased sensitivity to horizontal stimuli has been previous-
ly reported when contrast sensitivity function was examined.106 Meiusi and
colleagues209 found that grating acuity in adults with nystagmus due to
either albinism or other disorders showed significantly improved acuity
when the grating was oriented horizontally. However, in that study,
improved monocular grating acuity of a magnitude greater than one octave
was found in only 8 of 40 eyes in patients with albinism. Another prelimi-
nary study2l0 reported that acuity improved in infants with horizontal nys-
tagmus when gratings were oriented to yield a nonstandard horizontal
grating pattern; for infants with coarse nystagmus, vertical presentation of
the card was also a factor in improved acuity.

Yet, others have not been able to correlate the parameters of nystag-
mus in patients with idiopathic congenital nystagmus or albinism to visual
acuity measured with horizontal or vertical gratings.21' Wilson and cowork-
ers97 have suggested that vertically oriented stimuli may produce only
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modest broadening of spatial frequencies in patients with albinism.
While orientation of the grating may play a role in the measurement

of grating acuity in patients with nystagmus, the degree of effect is diffi-
cult to ascertain and may vary among subjects, depending on the charac-
teristics of their nystagmus waveforms. Furthermore, horizontal nystag-
mus can theoretically produce meridional amblyopia for orthogonal grat-
ings',l"'3 and thereby potentially influence grating acuity measurements.

Fixation behavior in individuals with horizontal nystagmus can be
more difficult to judge when the card is presented horizontally, particular-
ly when the amplitude of the nystagmus is coarse or the examiner is inex-
perienced. For this reason, nonstandard vertical presentation of the acuity
cards may facilitate recognition of a preference for viewing one end of the
gray card.2m Despite the standard methods of presentation of the acuity
cards in this study, the consistency of the data tend to support the concept
of abnormal visual maturation in patients with albinism compared with a
normal population. Future studies with larger groups of children with
albinism may detect differences in acquisition of vision, as measured with
grating acuity, for the different types of albinism. Certainly, prompt diag-
nosis of this congenital pigment abnormality and its associated abnormal
rate of visual development can prevent expensive and unnecessary tests
from being performed in this population, who typically have nystagmus,
providing that other abnormal signs are absent.

Finally, this study failed to find a significant relationship between grat-
ing acuity and eventual Snellen acuity. Grating acuity, measured in cycles
per degree, provides only an approximate estimate of the Snellen acuity.
Overestimation of Snellen acuity and underrecognition of amblyopia have
been previously reported.2"2'24 In addition, the tendency of the acuity cards
to overestimate recognition acuity has been previously reported in adult
patients with albinism.209 Similar findings have been suggested for 4 chil-
dren (4 to 12.2 years of age) with OCA who had both grating and recogni-
tion acuities measured.215 Another study216 included 8 patients with OCA in
a group of 23 patients with foveal/macular anomalies and found that grat-
ing acuity was better than recognition acuity for this group, with the dis-
crepancy becoming more marked as acuity decreased. The results report-
ed in this study show a similar overestimation of eventual Snellen acuity by
grating acuity measurements. This discrepancy may be related to the dif-
ference in the psychophysical tasks required for grating and recognition
acuities, or the larger size of the grated patch compared with the Snellen
symbol.215 While measurement of grating acuity allows comparison to nor-
mative data in children who are too young to participate in measurement
of recognition acuity, it should not be used to predict eventual vision.
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PROJECT II. EFFECT OF LIGHT ON GRATING ACUITY

INTRODUCTION

The acuity card procedure has been used as a reliable and efficient
method of recording visual acuity in both preverbal children and in non-
verbal individuals, regardless of age.175"177"178"188"189,193205217 219 To allow valid
comparison to published norms, standard measurement requires diffuse,
even, indirect luminance at a minimum of 10 candela/M2, and a subject-to-
acuity card distance of 38, 55, or 84 cm.

Individuals with albinism typically show photosensitivity, often avert-
ing their eyes from bright illumination to avoid glare and discomfort.14The
functional effect of illumination on visual acuity is not apparent. This study
of grating acuity was undertaken in cooperative adults with albinism to
determine if a change in illumination affected grating acuity and to ascer-
tain the relationship between grating acuity, assessed under two different
lighting conditions, to standard Snellen acuity using the ETDRS charts.
The Teller Acuify Cards (Vistech Consultants, Inc, Dayton, Ohio) and
ETDRS charts were selected for grating and recognition acuity, respec-
tively, since these methods of assessing vision have standardized lighting
requirements.220 In addition, the ETDRS charts are designed as logMAR
charts, in which there are an identical number of letters present on each
line and a consistent progression of size to provide a geometric change in
size by a constant factor.221-23 This geometric progression is also present in
the acuity cards.

METHODS

Patients
Twenty adult subjects with a diagnosis of albinism (group I) were recruit-
ed for the study, in addition to comparison groups of 20 adults with nys-
tagmus due to diagnoses other than albinism (group II) and 20 adults with
a normal comprehensive ophthalmic examination (group III). In group I,
12 patients had secondary OCA due to HPS, 6 had primary OCA, and two
had OA. Diagnoses for group II included congenital motor nystagmus (12
patients), optic atrophy (3 patients), retinopathy of prematurity (2
patients), nystagmus following encephalopathy (1 patient), aniridia (1
patient), and deprivation amblyopia due to congenital cataracts (1 patient).
Approval for the study was obtained from the Institutional Review Board.
Signed consent was obtained from all subjects after the nature of the test-
ing had been fully explained. All were paid a small honorarium for their
participation in the study.
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Visual Acuity Procedures
For all visual acuity measurements, best refractive correction was used,
determined by manifest refraction with refinement. Patients were allowed
to used their desired head posture in order to measure their best vision.
For monocular acuity testing, fogging with a +5.00-diopter lens over the
untested eye was used to reduce the amplitude of the latent component of
the nystagmus and avoid possible degradation of acuity.

Monocular acuity using the ETDRS charts was measured first.
Binocular recognition acuity using the ETDRS charts was then recorded
for group I. Vision with the ETDRS logMAR charts was recorded at 4 m,
using room lighting as defined for the ETDRS study (actual mean illumi-
nance of 65 foot-candles, measured with a Sekonic Exposure Meter,
model L398).

Grating acuity was then assessed with the acuity card procedure with-
out use of the gray masking screen. The full set of acuity cards ranging
from 0.32 to 38 cycles/cm, in one-half octave steps, was used. Test distance
was carefully maintained at 84 cm, and the cards were held in a vertical
position (horizontal grating pattern) to reduce the potential for degrada-
tion of vertical stripes due to the predominately horizontal nature of nys-
tagmus (Fig 9). Monocular grating acuity was recorded first, followed by
binocular acuity, first for the right eye and then for the left eye. An exam-
iner with considerable experience in acuity card testing administered the
testing, and was masked to the location of the grated patch and the visual
acuity recorded with the ETDRS charts. Since the subjects in this study
were adults, they were asked to indicate the location of the grating when
it could be visually resolved. Three reversals were presented for each test
condition, and the highest spatial frequency at which the subject could
repeatedly detect the grating was recorded in cycles per centimeter.
Acuity card testing was first performed under standard illumination (mean
illuminance, 37 foot-candles), as recommended in the Vistech manual.
Subsequently, visual acuity was measured with increased indirect illumi-
nation provided by 2 lights on both sides of the cards, providing diffuse
illumination measured at the test card at a mean of 88 foot-candles.

Data Analysis
Statistical analysis with nonparametric tests was performed to determine
interocular acuity difference with monocular acuity testing under the 3
conditions (condition A, ETDRS vision; condition B, acuity card vision
with standard illumination; condition C, acuity card vision with increased
illumination). The differences in acuity for a particular group, under the 3
conditions, were evaluated using the Wilcoxon matched pairs test. For this
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FIGURE 9

With vertical presentation of acuity cards, black-and-white grating that is located on one end
of grey rectangular card is composed of horizontal stripes.

comparison, both recognition and grating acuities were converted to log10
cycles/degree, using the convention of recognition acuity of 20/20 being
equivalent to 30 cycles/degree.'8"l16,96 In addition, comparisons between
binocular and monocular acuity for the 3 groups were analyzed by
Pearson's correlation coefficient.
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RESULTS
Interocular Acuity Measurements
Interocular differences in monocular acuity measurements were not sig-
nificantly different for the 3 test conditions (Table V). Thus, additional sta-
tistical analysis used only acuity from the right eye for monocular compar-
isons to avoid errors in analysis when both eyes from 1 subject are used.187

Grating Acuity Under Different Levels of Illumination
For patients with albinism (group I), the difference between either binoc-
ular or monocular grating acuity under standard illumination (condition B)
and increased illumination (condition C) was statistically significant (P<
.05), with better grating acuity being recorded under the condition of

TABLE V: INTEROCULAR DIFFERENCES (p vALuUEs) WITH MONOCULAR ACUITY TESTING

CONDITIONSt

A B C

Group I .191 .969 .097
Group II .972 .834 .554
Group III .508 .735 .109

* Wilcoxon matched pairs test.
f Condition A represents ETDRS charts, condition B represents acuity cards under stan-
dard illumination, condition C represents acuity cards under increased illumination.

increased illumination (Table VI). Patients with nystagmus that was not
due to albinism (group II) also showed a statistically significant improve-
ment in both monocular and binocular grating acuity under the condition
of improved illumination. The difference in grating acuity with increased
illumination that was seen in groups I and II was not statistically significant
in the group of patients with a normal ophthalmic examination (group III).

Comparison of Grating Acuity and Recognition Acuity
For all groups, the distributions are shifted toward better monocular grat-
ing acuity measured under standard illumination than recognition acuity,
although this was statistically significant only for the group of patients with
albinism (P < .001). The mean difference between monocular recognition
and grating acuities under standard illumination was .73 octave (SD = .95)
for group I, .47 octave (SD = .84) for group II, and .02 octave (SD = .27)
for group III. For all groups, there is a shift toward better monocular grat-
ing acuity under increased illumination compared with recognition acuity
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TABLE VI: DIFFERENCES IN ACUITY (P VALUES*) BY TEST CONDITION

CONDITIONSf
A VS B A VS C B VS C

Group I
Monocular <.001 <.001 .025
Binocular <.001 <.001 .012

Group II
Monocular NS .007 .011
Binocular NA NA .006

Group III
Monocular NS .010 NS
Binocular NA NA NS

NA, data not available; NS, not significant.
* Wilcoxon matched pairs test.
f Condition A represents ETDRS charts, condition B represents acuity cards under stan-
dard illumination, condition C represents acuity cards under increased illumination.

(P< .03 for all groups). The mean difference between monocular recogni-
tion acuity and grating acuity under increased illumination was 1.19 octave
(SD = .65) for group I, .75 octave (SD = .70) for group II, and .15 octave
(SD = .24) for group III.

Compartison ofMonocular and Binocular Acuities
Pearson's correlation coefficient for monocular versus binocular acuity in
group I was strongly positive for each of the 3 test conditions, suggesting
that reduction in acuity due to increased amplitude of nystagmus with fog-
ging for monocular acuity testing was minimal (condition A: r = .961, P <
.001; condition B: r = .804, P < .001; condition C: r = .861, P = < .001). A
similar relationship between monocular and binocular grating acuity was
noted for group II (condition B: r= 790, P < .001; condition C: r = .897, P
< .001), but there was only a weakly positive correlation between monoc-
ular and binocular grating acuity for the normal control group (group III),
and it was statistically significant only for the condition of increased illu-
mination (condition B: r = .305, P = .192; condition C: r = .453, P = .045).

DISCUSSION

Filtering of ambient light by tinted spectacles or contact lenses or a cap or
visor are often preferred by persons with albinism because of the associat-
ed photosensitivity that they frequently report.102"09 One study"06 showed
increased photosensitivity and associated discomfort when patients with
tyrosinase-negative albinism were compared with patients with tyrosinase-
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positive albinism. A study by Wilson and associates96 indicated that photo-
phobia could be eliminated by reduced luminance of 25 candela/M2.
Photosensitivity has been speculated to be related to the decreased filter-
ing of light and increased light scattering due to reduced or absent ocular
melanin pigment."0 However, a direct relationship between subjective
report of photosensitivity and amount of ocular pigment was not apparent
in recently reported studies.3738

It has also been suggested that reduction of the photosensitivity
decreases nystagmus and improves visual function."4 Edmunds93 noted
both improved vision and improved comfort in sunlight with scleral con-
tact lenses that filtered light. In contrast, Silver99 noted that some individ-
uals with albinism did not prefer low illumination levels. While increases
in ambient light may produce an adverse subjective response, this study is,
to the author's knowledge, the first to determine the effect of increased
illumination on grating acuity in a larger group of patients with albinism.
The data in Project II show that increased illumination results in mea-
surement of better grating acuity.

Teller and colleagues224 used a mean luminance of either -0.5 or +0.7
log foot-lamberts in assessing grating acuity in a small number of normal
infants between ages 1 and 6 months. Acuity values were slightly higher at
the increased luminance levels but methodology varied at the different
testing conditions. Dobson and coworkers2 found that grating acuity mea-
sured with forced-choice preferential looking is reduced approximately
one octave at -0.8 log cd/M2, but is relatively unaffected by luminance lev-
els above 1.0 log cd/M2 (10 cd/M2). Jacobson and associatesm examined
grating acuity under different luminance levels (34 cd/M2 and 13 cd/M2) in
an adult and an infant, both of whom had tyrosinase-negative OCA. The
infant showed reduced grating acuity with increased luminance and was
obviously photophobic, whereas grating acuity in the adult was similar
under the two levels of luminance. The results of the present study indi-
cate that increased illumination does not adversely affect either monocu-
lar or binocular grating acuity in adult patients with either albinism or
other conditions associated with nystagmus, and increased luminance may
improve grating acuity. Anecdotal information presented by Fonda102 also
suggested that vision in albinism is not reduced when illumination is
increased to 50 foot-lamberts (approximately 170 cd/M2). Interestingly,
grating acuity in the control group of normal patients in the current study
was also better under the condition of increased illumination; this may be
related to a spurious resolution of the interface between the grated patch
and the gray background for gratings with the highest spatial frequencies
when illumination is increased. 180,225
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The results of this study suggest that careful control of illumination
according to standards is required for measurement of grating acuity that
can be compared with normative values. While increased illumination may
improve grating acuity, generalization to other visual settings is not possi-
ble because other factors, such as patient discomfort due to photosensitiv-
ity, may limit the practical application of increased illumination.

Other studies have shown that the acuity measured with the acuity
card procedure in patients with low vision is often better than Snellen acu-
ity measurements.214'27 A similar relationship was noted in the groups with
nystagmus that are presented herein. Thus, grating acuity is not equivalent
to recognition acuity and should not be a substitute for the standard
recording of a Snellen acuity when the later can be reliably measured.

PROJECT III. VISUAL POTENTIAL AND MELANIN PIGMENT

INTRODUCTION

In contrast to melanocytes in the iris stroma and choroid that migrate from
the neural crest, melanocytes in the pigment epithelium of the iris and
retinal pigment epithelium (RPE) originate from the neuroectoderm that
lines the outer layer of the optic cup. In the embryonic eye, melanogene-
sis occurs differentially, with an increase in the number of melanosomes
being located in the posterior RPE compared with the peripheral RPE.227
With progressive development, the number of premelanosomes decreases
while the number of mature melanosomes increases. In normal melano-
genesis, melanin granules appear in melanosomes in the RPE from 7
weeks of embryologic development. Pigment develops in the posterior iris
epithelium by 10 weeks of age.228 By term, the pattern of ocular pigment
in the human is mature, although the amount of melanin continues to
increase. In addition, the yellow pigments within the sensory retina of the
macula, lutein and zeaxanthin, seem to be present at birth and accumulate
with ingestion of carotenoids.229'23

Along with progressive melanogenesis, modeling of the fovea occurs
during normal embryogenesis. By 22 weeks' gestation, the site of the
future fovea can be identified by the presence of a rod-free zone.20' With
development, the RPE cells in the macula become more uniformly tall
and narrow. At birth, only a shallow foveal depression is present, with the
structural anatomy of the human fovea not becoming mature until some-
time between 15 and 45 months of age.'98'20' Concurrently, foveolar cone
development occurs postnasally, reaching the adult stage of development
by 45 months of age.232 Isenberg233 has identified 5 different stages of nor-
mal macular development, from an indistinct pigmented area (stage 1), to
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the development of an annular reflex (stages 2 and 3), to the final devel-
opment of a foveal pit (stage 4) and foveal light reflex (stage 5). In pre-
mature infants without retinopathy, Isenberg found that stage 5 occurred
at a postconceptual age of 41.7 ± 4.0 weeks.

While individuals with all types of albinism have foveal hypoplasia, and
it is not unusual to find some degree of melanin pigment in the iris, the fun-
dus is often described as blond or amelanotic, suggesting that melanin pig-
ment cannot be clinically detected. The purpose Project III is to describe a
group of patients with albinism who were noted to have the appearance of
melanin pigment present within the macula on ophthalmoscopic examina-
tion, and to relate this to iris pigment, visual acuity, and type of albinism, to
determine if this clinical feature predicts visual function.

METHODS
Patients
The Institutional Review Board approved the study, and adult patients or
guardians of children provided written consent. Between 1985 and 1994,
29 individuals out of approximately 165 patients with a diagnosis of
albinism were identified with a coarsely granular pigment pattern in the
macula using direct ophthalmoscopy, suggesting the presence of melanin
pigment (Fig 10*). Patients whose amplitude of nystagmus or photosensi-
tivity precluded accurate judgment of the presence of melanin pigment
were not included. The grade of macular transparency37 was noted, but a
specific grade was not required for inclusion. Diagnosis of albinism was
made on the basis of the ocular features of nystagmus, iris transillumina-
tion, foveal hypoplasia, and nonocular examination showing hypopigmen-
tation in skin and hair. Eight patients also had visual evoked potentials per-
formed, demonstrating the excessive decussation of the retinostriate fibers
that is characteristic of albinism (Fig 11). In addition, 7 patients had muta-
tions for the tyrosinase gene identified by molecular analysis.

Visual Acuity Procedures
Best-corrected binocular vision in these patients was recorded by recogni-
tion acuity using Snellen charts, the HOTV matching chart, or linear Allen
figures, allowing the patients to use a compensatory head posture to
dampen their nystagmus. The acuity card procedure was used to record
vision in patients who were too young to participate in recognition acuity
tasks. The true geometric visual acuity was used for statistical analysis'15l"6

*Identification of a granular pigment pattern can be difficult in fundus photographs, com-
pared with direct ophthalmoloscopy, because the field is less magnified with the former, and
high-quality fundus photographs can be difficult to obtain in patients with nystagmus.
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FIGURE 10A
Moderate amount of melanin pigment in macula of patient with OCA who had misrouting of
opfic fibers detected with visual evoked potentials. Examination of fundus photograph shows
foveal hypoplasia and grade 3 macular translucency. Arrows indicate area examined with
direct ophthalmoscopy to detect granular pigment pattern

Eye Examination
Biomicroscopic examination of iris transillumination and direct ophthal-
moscopy of the macula were used to quantitate ocular translucency.37 The
binocular indirect ophthalmoscope was used to assess the development of
an annular reflex in the macula. A relationship between vision, iris transil-
lumination, macular transparency, and type of albinism was sought, to fur-
ther understand this subgroup of patients with albinism who had melanin
pigment identified in their macula on clinical examination.

RESULTS
Table VII presents the clinical data for these 29 patients, ranging in age
from 1 year to 49 years, with melanin pigment in the macula. Six of these
had a diagnosis of OCAI, confirmed with molecular studies; an additional
6 were thought to have OCAI on the basis of the history and clinical exam-
ination results; 1 of these had OCAlMP. Five patients had OCA2 and 3
had a diagnosis of Brown OCA based on history and examination results.
Nine had a diagnosis of OA.
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FIGURE lOB
Mild amount of melanin pigment in macula of patient with OCA1, who was found to have
mutations in tyrosinase gene with molecular analysis. Arrows indicate area where granular
melanin pigment could be detected with direct ophthalmoscopy. Abnormal wreathing of
macular vessels and grade 2 macular translucency are noted.

01-02
Right Eye
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FIGURE 11
In contrast to normally pigmented individuals, patients with albinism show significant change
(arrow) in difference potential (recorded from occipital scalp between locations 01 and 02)
with monocular pattern onset/offset visual evoked potentials.
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Visual Acuity
All but 2 patients had best-corrected visual binocular visual acuity of at least
20/100 (Fig 12). A recognition acuity could not be recorded in these 2
patients. Twenty of the 29 patients had visual acuity of 20/60 or better, and
7 patients had vision better than 20/40. One patient with 20/40 vision had
undergone recession of all 4 horizontal rectus muscles to dampen his nys-
tagmus 3 years previously, and his preoperative vision was measured at
20/60+. Another patient also underwent 4 horizontal rectus muscle reces-
sion for nystagmus dampening; his visual acuity was 20/60 before and 6
months after the surgery. The mean binocular recognition acuity for patients
included in this study was 20/47, which is significantly better than the mean
visual acuity of 20/111 for the nonselected group of patients with albinism in
Project I (P< .001). Stereoacuity was present in 6 patients in Project III, all
ofwhom had visual acuity measured at 20/60 or better. In addition, nystag-
mus was not observed in 3 patients; 2 of these had visual acuity measured at
20/20, and vision was 20/50 in the third.

Eye Examination
All patients had granular brown-black pigment dispersed in the macula,
but such granularity was not evident beyond the macula. All patients had
foveal hypoplasia, with absence of a foveal light reflex. In 8 patients, an
incompletely developed annular depression was detected in the macula
with binocular indirect ophthalmoscopy, but the normal foveal architec-

8

7

6

z
I-

0.IL4
0zUI-_

20/20 20/25-30 20/40 20/50 20/60 20/70 20/80 20/100

BEST-CORRECTED BINOCULAR RECOGNITION ACUITY

FIGURE 12
Distribution of binocular recognition acuities in patients with albinism and melanin pigment
in their maculas (mean acuity, 20/47).
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ture was not appreciated (Fig 13). In these patients, visual acuity ranged
from 20/20 to 20/170.

Five patients showed no iris transillumination by slit-lamp biomi-
croscopy. Of the remaining 24 patients, 17 had grade 1 transillumination,
6 had grade 2 transillumination, and only 1 showed grade 3 transillumina-
tion. Macular translucency was recorded as grade 2 for 7 patients and
grade 3 for 22 patients. There were no patients with grade 1 macular
translucency. An annular reflex in the macula was found in patients with
either grade 2 or grade 3 maculas.

Assuming that the data were not normally distributed, nonparametric
tests were selected for statistical analyses. Multiple Pearson's correlation
coefficient showed no significant relationship between grade of iris tran-
sillumination and grade of macular transparency. In addition, there was no
significant correlation between macular grade and recognition visual acu-
ity. However, a moderate correlation between increased iris pigment
(lower grade of iris transillumination) and increased visual acuity was
noted (r = -.408, P = .035). There was not a significant correlation between
either iris or macular grade and type of albinism.

FIGURE 13A
Minimal development of annular reflex in macula is seen in this fundus photograph of patient
with OA3. Patient had nystagmus, no stereovision, and best-corrected binocular visual acuity
of 20/70.
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FIGURE 13B
Fundus photograph of patient with Brown OCA showing grade 3 macular translucency and
mildly developed annular reflex in macula. Patient had no nystagmus, stereoacuity was mea-
sured at 100 seconds of arc, and best-corrected binocular acuity was 20/20.

DISCUSSION

Anecdotal reports of "pigment" being present in the fundi of persons with
albinism have not differentiated an opaque-appearing macula from the
presence of granular dark-brown pigment, presumed to be melanin. In
addition, the significance of the clinical detection of melanin pigment in
the RPE in individuals with albinism has not always been clear. Cortin and
associates78 noted varying degrees of pigment clumping at the level of the
RPE in X-linked OA, but notation of vision was not made. Abadi and
Dickinson"3 have noted variable melanin pigment in patients who did not
have tyrosinase-negative albinism, but an association with vision or nys-
tagmus was not provided. DePinho and Kaplan53 stated that patients with
HPS may have improvement in their nystagmus and vision as pigment
accumulates in their fundus.

There are reports of individuals with albinism who have some pig-
ment detected with ophthalmoscopic examination of the fundus, and
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review of the literature shows that these persons often have better vision
than is typically seen in albinism. Bergsma and Kaiser-Kupfer'0 reported
retinal pigmentary mottling, detected with ophthalmoscopy and fluores-
cein angiography in 3 patients with albinism who had visual acuity of
20/30. Walker and associates83 described a patient with X-linked OA who
had normal macular pigment and 20/60 vision. Fundus pigment was
reportedly normal in the macula for 2 males with X-linked ocular albinism
reported by Goodman and colleagues,87 but 1 patient's vision was only
20/150 and the other's was 20/70. In a description of X-linked OA in
blacks, O'Donnell and coworkers73 noted a "pigmented" fundus and
"tigroid" appearance, in addition to foveal hypoplasia; this was referred to
as "ocular albinism cum pigmento." Seven of their 10 patients had vision
of 20/80 or better, and varying degrees of foveal hypoplasia were reported.
Charles and coinvestigators44 reported on a series of 74 males with X-
linked ocular albinism and found better visual acuity associated with pig-
mentation masking the choroidal vessels in the macula; none of their
patients demonstrated stereopsis. A patient with X-linked OA reported by
Falls" had melanin pigment in the fundus, and vision measured 20/20.
Reporting on patients with Brown OCA, King and associates3' noted
melanin pigment in the fundus with vision as good as 20/60.

Of the patients reported herein, 3 had Brown OCA. In addition, other
types of albinism associated with melanin pigment in the macula in the cur-
rent study included tyrosinase-related albinism (OCAI) with residual enzyme
function, OCA2, and OA3. Although one third of the patients in the series
reported herein had a clinical diagnosis of OA, the possibility of a tyrosinase-
related type of OCA exists, as a recent report7' has shown that some patients
who had previously carried a diagnosis of OA were found to have mutations
of the tyrosinase gene. Clearly, identification of melanin pigment in the mac-
ula can occur in various types of albinism but would not be expected in
OCAIA, where no melanin pigment is produced in the eye, skin, or hair.

In addition, melanin pigment in the macula can occur without an
"opaque" macula as judged by grade of macular translucency. This grading
system is not specific for melanin pigment in the macula, although a cor-
relation between grade of macular transparency and vision has been
recently reported.38The variable opaqueness in the normal macula may be
due to yellow pigment, but yellow pigment is felt to be absent in individ-
uals with albinism.7"229'23 A study using monochromatic fundus photogra-
phy with 470-nm illuminating wavelength showed no macular yellow pig-
ment in 3 patients with albinism, although variability in the visibility of
choroidal vessels in the macula was apparent.'33 The investigators also
noted that patients with albinism do not perceive the entoptic phenome-

1143



Summers

na noted with Haidanger's brushes, most likely due to the absence of mac-
ular yellow pigment. A recent study demonstrated no variation in macular
pigment density across the central retina in 7 patients with albinism.,-, The
investigators suggest that this may be related to an inability of the retina in
albinism to accumulate carotenoids, possibly owing to abnormal organiza-
tion of macular photoreceptors and associated ganglion cells. Another pos-
sible explanation for the variable opaqueness of the macula is the presence
of lipofuscin in the RPE.23637 Patients with albinism also have abnormal
structure and distribution of photoreceptors in the macula,1,71 and alter-
ation in this arrangement could contribute to variable macular translucen-
cy. Clearly, variations in the opaqueness of the macula in individuals with
albinism remains incompletely understood.

Vision in individuals with albinism is typically reduced to between
20/80 and 20/200.14,61 The distribution of recognition acuities in Project I
of the current study supports this level of reduced vision in an unselected
group of patients with albinism. The results of Project III, from a selected
group of patients with albinism and clinically detectable melanin pigment
in the macula, suggest that this sign is associated with better visual acuity,
compared with other typical patients reported with albinism.
Furthermore, the presence of melanin pigment in the macula may be a
clinical marker for other unusual ocular features in albinism, as 3 patients
in this study had no observable nystagmus, 6 had evidence of stereoacuity,
and 8 had an incompletely developed annular reflex in the macula. Other
studies have also recognized the association between better vision and
absence of nystagmus in individuals with albinism.91'92 One explanation for
these associations could be a variation in the number of misrouted fibers,
perhaps related to a variable amount of pigment being present in the optic
system during development. Future studies could be directed at RPE
transplantation, genetic engineering, or other methods to foster the devel-
opment of melanin pigment in the RPE in individuals with albinism, with
the possibility of improving visual function. Finally, the presence of
melanin pigment in the macula should not be a deterrent to the physician
who is considering a diagnosis of albinism when examining a patient, par-
ticularly one with better vision than expected in albinism. The visual
evoked potential to demonstrate the misrouting that is characteristic of
albinism, as well as molecular studies to define the specific gene mutation,
can be valuable in providing a specific diagnosis in these patients.

SUMMARY

This thesis addresses 3 different aspects of vision in albinism: visual devel-
opment, effect of increased illuminance on grating acuity, and the visual
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significance of detecting melanin pigment in the macula in patients with
albinism.

Both monocular and binocular visual development, as measured with
the acuity card procedure, seems to parallel the normal development of
grating acuity at a level approximately 2 to 3 octaves lower than the means
for a normal population from 6 months to 3 years of age. Although data in
the first 6 months were limited, an asymptotic relationship between visu-
al acuity in patients with albinism and normal individuals may more accu-
rately describe the rate of acuity development in these patients. This study
was unable to determine a relationship between development of grating
acuity and the absence or presence of ocular pigment in patients with
albinism. For patients maturing to a level where recognition acuity could
be measured, mean acuity was reduced to 20/111. Grating acuity mea-
sured with the acuity card procedure overestimated eventual recognition
acuity.

Increased illumination yielded improved grating acuity results in
adults with albinism, despite the frequently noted symptom of photosen-
sitivity in this disorder. The well-recognized overestimation of Snellen acu-
ity by grating acuity measurements in low-vision patients was confirmed in
this study of adults with albinism.

Finally, the importance of careful ophthalmoscopic examination of the
macula to detect the granular appearance of melanin pigment is important
to alert the clinician to the potential for better vision than is usually report-
ed in albinism, in addition to the possible unexpected findings of stereo-
scopic vision and absence of nystagmus. Patients with melanin pigment in
their maculas detected with direct ophthalmoloscopy showed a mean acu-
ity of 20/47, which was significantly improved over the mean acuity of
20/111 in the first project, where an unselected group of patients with
albinism had recognition acuity measured. This important observation has
the potential for stimulating further research aimed at improving vision in
albinism.
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