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Abstract: Albinism describes a heterogeneous group of genetically determined disorders characterized by disrupted synthesis of
melanin and a range of developmental ocular abnormalities. The main ocular features common to both oculocutaneous albinism
(OCA), and ocular albinism (OA) include reduced visual acuity, refractive errors, foveal hypoplasia, congenital nystagmus, iris and
fundus hypopigmentation and visual pathway misrouting, but clinical signs vary and there is phenotypic overlap with other
pathologies. This study reviews the prevalence, genetics and ocular manifestations of OCA and OA, including abnormal development
of the optic chiasm. The role of visual electrophysiology in the detection of chiasmal dysfunction and visual pathway misrouting is
emphasized, highlighting how age-associated changes in visual evoked potential (VEP) test results must be considered to enable
accurate diagnosis, and illustrated further by the inclusion of novel VEP data in genetically confirmed cases. Differential diagnosis is
considered in the context of suspected retinal and other disorders, including rare syndromes that may masquerade as albinism.
Keywords: albinism, visual electrophysiology, misrouting, foveal hypoplasia, VEP

Introduction
Albinism describes a heterogeneous group of genetically determined disorders characterized by disrupted synthesis of
melanin pigmentation or melanosome maturation during development. In the eye cup, this results in a cascade of ocular
abnormalities and intracranial visual pathway misrouting, common to both oculocutaneous albinism (OCA) and ocular
albinism (OA). The hallmark clinical features of OCA include congenital hypopigmentation of the skin, hair and eyes,
with an autosomal recessive inheritance mode.1 OCA can also occur in several syndromic disorders with systemic
complications posing significant morbidity, highlighting the importance of early diagnosis. Ocular albinism is distin-
guished by predominant involvement of the ocular tissues and X-linked inheritance, with the ocular hypopigmentation
occurring to a lesser degree than in OCA.2 Ocular signs such as foveal hypoplasia and nystagmus are common in both
OCA and OA but there is wide phenotypic variation and overlap. Visual electrophysiology can play an important role in
the detection of visual pathway misrouting, helping to determine the diagnosis, particularly if the phenotype is mild or
“sub-clinical”. The increasing availability of genetic testing provides the possibility of a definitive molecular diagnosis
and subtyping, informing clinical management and the further understanding of developmental eye disease. This study
reviews the prevalence, genetic causes and main ophthalmological manifestations of OCA and OA, including novel
genotype-phenotype analysis based on electrophysiological data.

Genetic Classification and Prevalence
Non-Syndromic OCA
Oculocutaneous albinism can be classified into one of several genetic subtypes, all involving disruption of melanin or
tyrosinase (TYR) synthesis (Figure 1). The commonest forms are TYR-related and include OCA type 1A (OMIM
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#203100) and OCA type 1B (OMIM #606952). TYR spans 65kb of genomic DNA and codes for the protein tyrosinase,
a copper-containing enzyme that facilitates the first two steps in melanin biosynthesis, involving conversion of tyrosine to
DOPAquinone. In OCA type 1A (tyrosine negative; complete OCA) an inactive protein is encoded and there is an
absence of tyrosinase catalytic function. In OCA type 1B (tyrosinase positive, partial OCA) there is residual enzyme
activity and a milder clinical phenotype.3 The overall prevalence of OCA is estimated to be around 1/17,000 but
incidence varies according to ethnic background. OCA1 is the commonest subtype in the non-Hispanic Caucasian
population with a prevalence of approximately 1 in 40,000.4

OCA2 (OMIM #203200) is caused by mutations in OCAwhich spans 345kb of genomic DNA and encodes P protein. The
P protein stabilizes tyrosinase and enables transport of melanosomal tyrosine. Mutations involving OCA2 thereby disturb
pigmentation by affecting normal functioning of melanosomal tyrosine/tyrosinase. OCA2 is the commonest globally with
a prevalence of almost 1 in 3900 in southern parts of Africa, 1 in 10,000 in African Americans and 1 in 30,000 in Caucasians.5–8

Mutations in tyrosinase-related protein 1 (TYRP1) result in OCA3 (“Rufous oculocutaneous albinism”). TYRP1 spans
17KB genomic DNA and catalyzes the oxidation of DHICA (5,6-dihydroxyindole-2-carboxylic acid) monomers to
melanin. Mutations cause early degradation of tyrosinase, negatively influencing the maturation of melanosomes and
melanin biosynthesis.9–13 OCA3 occurs in about 1 in 8500 patients of African ethnicity and is associated with a relatively
mild OCA phenotype.5,14

OCA4 (OMIM #606574) is caused by mutations in SLC45A2, which spans 40kb of genomic DNA and encodes
a membrane-associated transporter protein (MATP). This subtype is largely confined to Japanese patients, accounting for
approximately 25–27% of cases.15–17

Other forms of OCA are rare but include OCA5 (OMIM #615312; gene unknown); OCA6 (OMIM #113750;
SLC24A5-related); OCA7 (OMIM #615179), reported in a Faroese cohort and associated with LRMDA or c10orf11,
and OCA8 (OMIM #619165), caused by mutation in DCT.

Figure 1 Schematic representation of melanin biosynthesis in the melanocyte. After synthesis and subsequent processing in the Golgi body - rough endoplasmic reticulum
(ER) complex, tyrosinase and tyrosinase-related protein 1 (TYRP1) are trafficked to the developing melanosome via membrane transporter proteins P and MATP. Mutations
in tyrosinase or in TYRP1 result in the retention of these mutant proteins in the ER, and these are subsequently degraded using proteasome mediated pathways. The rest of
the tyrosinase and TYRP 1 proteins undergo endosomal/lysosomal proteolysis. Retinal pigment epithelium makes and releases L-DOPA during the procerss of melanin
biosynthesis; L-DOPA is an endo agonist for GPR 143 (expressed at the membrane of the melanosomes) thus create an autocrine loop. GPR143 is the protein product of
OA1 and mutations at this locus result in ocular albinism type 1.
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Syndromic OCA and Syndromic Hypopigmentation Disorders
The rarer syndromic forms of OCA are associated with bi-allelic variants in one or more genes associated with lysosomal
protein trafficking (Table 1). Hermansky–Pudlak syndrome (HPS), an autosomal recessive multisystem disorder, is
associated with 11 genetic subtypes that impair lysosomal related organelles (LROs) synthesis, causing interstitial
pulmonary fibrosis, granulomatous colitis and platelet alterations. The subtypes include HPS1 (HPS1), HPS2 (AP3B1),
HPS3 (HPS3), HPS4 (HPS4), HPS5 (HPS5), HPS6 (HPS6), HPS7 (DTNBP1 or BLOC1S8), HPS8 (BLOC1S3), HPS9
(BLOC1S6), HPS10 (AP3D1), and HPS11 (BLOC1S5). Chédiak–Higashi syndrome is caused by mutations in LYST
(OMIM #21450), resulting in hematologic causes of bleeding and infection. There are three forms of Griscelli syndrome,
an autosomal recessive disorder caused by variants of MYO5A (GS1; OMIM #214450), Rab27A (GS2; OMIM #607624)
or MLPH or MYO5A (GS3; OMIM #609227). The syndrome is associated with immunodeficiency, pancytopenia and
demyelination of the cerebral white matter.

Mutation or deletion of chromosome 15 (the locus for OCA2) can cause Prader Willi Syndrome (paternal deletion of
15q11-q13 or maternal disomy for chromosome 15) or Angelman Syndrome (UBE3A).26–29 Hypopigmentation of the
skin, hair and eyes are common features from birth that may lessen during adolescence. There are contradictory reports of
visual pathway misrouting in Prada Willi syndrome, seen in some28 but not all cases.30,31 The latter is consistent with the
authors’ experience (MMN; AGR, personal observations), and the proposal that visual pathway misrouting in this
syndrome may be explained by two separate disorders.29 Angelman syndrome varies in severity and electrophysiological
evidence of optic nerve misrouting has been described in cases without the typical clinical signs of albinism.32

The extremely rare and life limiting Vici Syndrome is an autosomal recessive multisystem disorder resulting from
a mutation in EPG5, a key autophagy regulator in higher organisms. The disorder is characterized by agenesis of the
corpus callosum, hypopigmentation of the eyes and hair, cardiomyopathy, immunodeficiency and often delayed motor
development.33 A report on a child with Vici Syndrome34 showed that the ophthalmological features of the syndrome
included ocular hypopigmentation, foveal hypoplasia and intracranial misrouting of the visual pathways.

Waardenburg Syndrome (WS)35–37 is a rare autosomal dominant disorder (prevalence 1/40,000) due to a mutation in
PAX338 or MITF (microphthalmia-associated transcription factor).39 There are 4 types (WS1-4),39–41 mainly character-
ized by congenital sensorineural hearing loss, and the presence (WS1 and WS3) or absence of dystopia canthorum
(WS4). A striking feature of WS is heterochromia iridium, where one iris is heavily pigmented (brown iris) and the other
relatively hypopigmented (blue or green iris). The iris hypopigmentation is typically associated with hypopigmentation of
the fundus and “albino-like” features, whereas the other eye has relatively normal pigmentation. Although WS has some
features common to albinism, the reported cases of reduced visual acuity, nystagmus, and foveal hypoplasia result from
a digenic interaction between MITF (WS2) and TYR (AROA/OCA1). There are no reports of Waardenburg Syndrome
being associated with misrouting of the visual pathways at the optic chiasm, and visual electrophysiology may enable the
distinction from OCA in clinically equivocal cases (see Visual Electrophysiology in Albinism).

Ocular Albinism
Ocular albinism (OA, OMIM #300500) is an X-linked disorder with a prevalence of 1 in 60,000 males42 and is caused by
mutations in GPR143 (OA1), expressed in melanocytes. The disorder primarily affects the eyes and genetic diagnosis is
of particular value given the milder phenotype compared with OCA, including normal or near-normal skin and hair
pigmentation and cases of “sub-clinical” disease. Mutations in GPR143 result in the formation of enlarged melanosomes
with reduced motility, with reduced numbers in the melanocytes and RPE.43,44 In milder phenotypes of OA, ocular
development fails in the presence of normal or near normal pigmentation, suggesting a spatio-temporal deficit in retinal
development independent of RPE pigmentation.45,46

Clinical Features of Albinism
Cutaneous Involvement
Patients with OCA1A typically present with white hair and skin at birth, and the ability to tan is lacking. Residual
tyrosinase function in OCA1B can result in the development of pigmentation with time, with skin appearing cream in
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color. Nevi are commonly noted. Variants, which are temperature sensitive, have pigmented hair on their extremities.
OCA2 is milder in presentation with creamy skin color and blonde to red hair. OCA3, also termed ‘Rufous’ or red OCA,
is associated with reddish hair and skin. OCA4 is often indistinguishable from OCA2 based on clinical findings.6,47 OCA
predisposes to squamous cell carcinoma of sun-exposed areas such as head and neck, with high recurrence rates noted in

Table 1 Summary of Genetic, Pathophysiologic and Clinical Features Associated with Syndromic OCA

Hermansky-

Pudlak Syndrome18
Chediak-

Higashi Syndrome18
Griscelli

Syndrome19
Elejalde

Syndrome20
Cross-McKusick-

Breen Syndrome21

Chromosome and gene

involved

Chromosome 10,

HPS1, AP3B1, HPS3, HPS4,

HPS5, HPS6, DTNBP1,

BLOC1S8, BLOC1S3,

BLOC1S6, AP3D1 or

BLOC1S5.

Chromosome 1, CHS1/

LYST

Chromosome 15:

MYO5A, RAB27A

Chromosome 2: MLPH

Chromosome 15:

RAB27A

Chromosome 3, Gene

not known

Pathophysiology Impaired melanosome

formation, trafficking, or

transfer to keratinocytes

Abnormal protein

trafficking

Impairment in

melanosome transport

Maturation defect

leading to incomplete

melanosome transport

and irregular

distribution

Not known

Prevalence 1 to 9 in 1,000,000

individuals worldwide

1 in 1800 individuals in the

north-western region of

Puerto Rico (HPS1)

Rare disease, less than

500 cases have been

reported so far

Rare, approximately

150 cases have been

reported so far

Extremely rare, less

than 25 cases have

been reported so far

Extremely rare, less

than 15 cases have

been reported so far

Age at onset Infancy/ Early childhood Infancy/ Early

childhood

Infancy/ Early

childhood

Infancy/ Early

childhood

Birth/ Early infancy

Systemic features Immunodeficiency,

Neutropenia, bleeding

tendency due to platelet

storage pool defect,

Interstitial lung disease and/

or pulmonary fibrosis,

Granulomatous colitis (as

per subtype)

Part of “silvery hairy

syndrome” group,22

pathognomonic

azurophilic granules in

the white blood cells,

prolonged bleeding

times and easy

bruisability, recurrent

infections, abnormal

natural killer cell

function, and

progressive

neurological

abnormalities

Part of “silvery hairy

syndrome” group,

combined disturbance

of humoral and cell

mediated immunity,

hepatosplenomegaly,

with or without

neurological deficit

Part of “silvery hairy

syndrome” group, early

onset CNS

disturbances like

seizures, hypotony and

intellectual impairment,

easy tanning of skin,

preserved

immunological function

Early onset CNS

disturbance, Dental

defects, Urinary tract

abnormalities, Hernias,

psychomotor

retardation

Major ocular features Posterior embryotoxon

with a small cluster of

adherent mesenchymal

cells, moderate

hyalinization of the ciliary

body, foveal hypoplasia,

multiple ocular

haemorrhages, and marked

hypopigmentation23

Ocular manifestations24 in

various HPS subgroups:

BLOC 1- mild to moderate,

BLOC 2- Severe, BLOC 3-

Mild to severe, AP3- Mild

Ocular albinism with

foveal hypoplasia,

nystagmus, retinal

pigmentary

disturbances, optic

neuropathy25

Ocular albinism with

foveal hypoplasia,

nystagmus

Ocular albinism with

foveal hypoplasia,

nystagmus

Ocular albinism,

cataract

Abbreviations: AP-3, adaptor protein-3; BLOC, biogenesis of lysosome organelle complex; HPS, Hermansky–Pudlak syndrome.
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sub-Saharan Africa.48 In darkly pigmented races, as in some parts of South India, it may require due diligence to
distinguish the “fair baby” in the family from the “dark-pigmented” parents.

Ocular Involvement
The main ocular abnormalities associated with OCA subtypes and OA are similar and are detailed below. Symptoms include
reduced visual acuity (range 20/60 to 20/400) and color vision impairment. It is important that visual acuity is recorded on
non-illuminated charts, as glare can result in a lower visual acuity than when non-illuminated charts are used. Visual acuity has
been correlated with the degree of melanin pigmentation at the macula, worse in those with the least or no pigment. The
commonest signs are detailed below, including foveal hypoplasia and varying severity of congenital nystagmus, iris
hypopigmentation and iris translucency and hypopigmentation of the retinal pigment epithelium (RPE). There may be positive
angle kappa and reduced or absent stereopsis and strabismus. Fundus examination may also reveal abnormal retinal blood
vessel patterns such as wide exit angles from the optic nerve head and vessels that encroach upon the central macula area.49

The discriminant feature of albinism is misrouting of optic nerve fibres with an excess of decussating fibres at the
chiasm,6,50,51 typically revealed using visual electrophysiology (see below) and of particular value if the clinical features
are equivocal or absent, or if ophthalmic examination is difficult, eg, in young children.

Foveal Hypoplasia
Albinism is commonly associated with foveal hypoplasia (Figure 2), where there is complete or partial failure of foveal
pit formation and specialization. The severity of foveal hypoplasia varies, and detection may be enhanced with OCT
imaging, including hand-held devices in the paediatric population.52 Rudimentary foveal development with thinning
noted on OCT has been documented in a few OCA cases, associated with better visual acuity (≥20/50).53

Lack of tyrosinase activity and DOPA is hypothesized to result in increased mitosis and cell death during retinal
development. Directional OCT studies have revealed both a reduction in the outer nuclear layer thickness and increase in
the Henle fibre layer, the latter attributed to an increase in foveal cone packing.54

Congenital Nystagmus
Nystagmus in albinism is conjugate pendular or jerk type and develops within the first few weeks of life. Presentation in
infancy is usually with large amplitude nystagmus that diminishes with age. Compensatory head posture, reduced
stereovision and strabismus are commonly associated features. Mild albinism phenotypes may be mistaken as infantile
nystagmus syndrome55 or retinal dystrophy (see later). The presence of nystagmus does not limit the reading speed in
albinism if words are presented with sufficient magnification. Rather, it is primarily the sensory visual impairments, such
as reduced visual acuity, that limits reading ability.56

Refractive Errors
High hyperopia and astigmatism are commonly reported in albinism. Refractive errors have been found to correlate with
axial length, which may be causative.57 Patients with OCA have been reported to have impaired emmetropization due to
foveal hypoplasia-related nystagmus leading to the perception of smeared image motion by the retina.58 Hyperopic eyes
in albinism show meridional emmetropization with a normal rate of emmetropization in the less hyperopic meridian, in
contrast to an abnormal emmetropization in the more hyperopic meridian.59 When compared with other types, subjects
with OCA1A-related albinism show highest increase in astigmatism with age, worst visual acuity and photophobia.58,59

Ocular associations of keratoconus or pellucid marginal corneal degeneration in albinism can also contribute to the
variable astigmatism in certain cohorts.60

Iris and RPE Hypopigmentation
Iris hypopigmentation (Figure 2) occurs secondary to reduced or nil production of melanin in the pigmented
epithelium and stromal melanocytes of the iris. In OCA, melanocytes are present within the posterior iris and RPE,
but the formation of melanin within the melanosome is defective. This leads to a blue or light brown iris and imparts
the characteristic features of iris transillumination on slit lamp examination or on globe transillumination.61 The iris in
OCA1A is typically pink and translucent. OCA1B may be associated with minimal pigmentation, which increases
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with age. Iris color in the OCA2 type may vary, and a pink iris need not be present to diagnose OCA2.7 Decreased
melanin formation in RPE results in the classical albinotic fundus with enhanced visualization of deeper choroidal
vessels. Eyes with reduced pigmentation reflect light to a greater extent resulting in severe photophobia in patients
with OCA.62

Clinical Features in Carriers of X-Linked OA
Obligate female carriers of ocular albinism can manifest an abnormal fundus appearance due to random X chromosome
inactivation (lyonization), with characteristic “mud-splatter” pigmentation on fundus examination and dark radial streaks
against a bright background on fundus autofluorescence imaging. There may be mild iris transillumination but a normal-

Figure 2 Iris transillumination defect, albinotic fundus and foveal hypoplasia in pseudophakic eyes of a 41-year-old patient. Note that major retinal blood vessels show
a relatively wide exit angle as they emerge from the optic disc.

https://doi.org/10.2147/OPTH.S329282

DovePress

Clinical Ophthalmology 2022:161574

Neveu et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


appearing retinal structure on OCT without foveal hypoplasia. There is no evidence of visual pathway misrouting, as
observed in affected males.

Misrouting of Retinocortical Fibres at the Optic Chiasm
Normal Development of the Chiasm and Optic Nerve Projection
The mammalian retina and RPE are formed from the neural ectoderm. The inner surface of the optic cup gives rise to the
retina and the outer surface to the RPE.63–65 Early in development, the fovea and the spatio-temporal characteristics of
retinal cell proliferation centred on this region, determine the retinotopic order of the visual field, which is then projected
via the optic nerve to the chiasm.66–69

The optic chiasm is the stage in the mammalian visual system, where retinal ganglion cell axons from each eye either
cross the chiasmal midline and project to the contralateral cortical hemisphere or remain uncrossed and project to the
ipsilateral cortical hemisphere, with approximately 45% of retinal ganglion axons projecting ipsilaterally.70–72 The
segregation of these projections is critical to binocular vision and representation of the temporal and nasal visual field
in each hemisphere of the visual cortex.

There is a distinct segregation of the crossed and uncrossed projection across the naso-temporal division. The first
ganglion cells to be generated span the presumptive foveal region72,73 and the retinotopic order is largely preserved along
the optic nerve and into the chiasm. The first axons to enter the chiasm give rise to both the crossed and uncrossed
projection and as ganglion cell generation expands from central retina towards the periphery,72 elements of both the
crossed and uncrossed projections are added to the chiasm. The control of this process is not fully understood although it
has been noted that numerous genes are likely to be implicated.67,68

The Development of the Chiasm and Optic Nerve Projection in Albinism
A lack of pigment in the RPE of albino mammals disrupts the development of neural retina,74–84 resulting in spatio-
temporal defects in patterns of cell production.85 The naso-temporal division is shifted toward temporal retina, there is
misrouting of the visual pathway (Figure 3) 86 and a reduction of the uncrossed in favour of the crossed projection.87–93

The developmental process linking melanin synthesis with formation of the naso-temporal division is not fully
understood and misrouting of the visual pathways can occur in the presence of normal pigmentation.94–97 Studies on
rodents and ferrets suggest that the uncrossed visual pathway, which is located temporally and peripherally in the retina,
is relatively small and fragile, making it more susceptible to changes in retinal hypopigmentation69,79,98–100 and there is
evidence that the degree to which the naso-temporal division is shifted is proportional to the degree of retinal
hypopigmentation.101,102 Localized differences in the concentration of melanin in the RPE affect retinal development
to varying degrees103 and the regulatory influence of the RPE over the developing retina depends on localized
interactions between the RPE and neural retina.

Visual Electrophysiology in Albinism
The abnormal chiasmal decussation of nerve fibres in albinism can be detected by comparing multi-channel visual
evoked potentials (VEP) from each eye, recorded over both hemispheres using scalp electrodes.104–112

Multi-channel VEPs normally show a symmetrical distribution across the occiput (Figures 4-6A). In albinism
monocular VEPs show bilateral contralateral predominance (Figure 6B and C). The dominant response is elicited in
the cortical hemisphere opposite to the eye being stimulated and when the other eye is stimulated, the dominant response
is elicited in the other hemisphere (a “crossed” asymmetry). It is highlighted that achiasma is also associated with
congenital nystagmus and chiasmal dysfunction, but in contrast to albinism, monocular VEPs show evidence of bilateral
ipsilateral predominance, caused by reduced or absent optic nerve decussation.113,114 Pattern reversal VEPs,115 used
routinely in many laboratories to assess optic nerve function, are significantly affected by nystagmus, and have been
shown to be equivocal or unreliable in detecting misrouting.116 Evidence of albino visual pathway misrouting on VEP
testing requires age-appropriate use of both flash and pattern onset-offset (“appearance-disappearance”)
stimulation.110,117 The most consistent VEP abnormality in young albino children is bilateral contralateral predominance
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of flash VEP in terms of amplitude (Figure 7). The inter-hemispheric amplitude asymmetry in the flash VEP lessens with
increasing age and can resolve by the teenage years. This is shown in Figure 8, including novel data in genetically
confirmed cases of OCA (N = 17), OA (N = 3), HP syndrome (N=5), and Chediak-Higashi syndrome (N = 1).
Monocular pattern onset-offset VEPs in children are of shorter peak time over the contralateral compared with ipsilateral
hemisphere. In contrast to the flash VEP, the pattern onset-offset VEP peak time difference between hemispheres
increases with age, resulting from increasing peak time of the ipsilateral response. This is shown in Figure 9, including
novel data in genetically confirmed cases of OCA (N = 8), OA (N = 3), HP syndrome (N = 2) and Chediak-Higashi
syndrome (N = 1). The magnitude of the pattern onset-offset VEP peak time difference between hemispheres correlates
with the clinical features of albinism including foveal hypoplasia, iris transillumination, nystagmus, reduced visual
acuity, and reduced stereoacuity. Inter-hemispheric flash VEP amplitude asymmetries also show correlation with clinical
features but only in children under the age of 7 years.109 The sensitivity of VEPs in the detection of albino misrouting
has been estimated to be about 80%,104,109,116–119 although typical VEP abnormalities can occur in the absence of
classical clinical features109 and the diagnosis of albinism is usually also informed by medical and family history, and
detailed ophthalmic evaluation.

In a small number of cases, particularly in individuals with a mild phenotype, contralateral predominance of the VEP
is confined to one eye. The reason for this is unknown although it is highlighted that albino misrouting of the visual
pathways correlates with ocular signs, including pigmentation120,121 and typical VEP abnormalities are greatest in
patients with the most ocular features of albinism.109 Localized differences in the concentration of melanin in the RPE
affect retinal development to varying degrees,103 and comparisons between hypopigmented mice mutants have shown
that the size of the uncrossed projection decreases with decreasing amounts of pigment in the eye.101,102 This may have
relevance to unilateral cases, consistent with some of these individuals having inter-ocular asymmetries in hypopigmen-
tation and foveal architecture.121

Maturational and degenerative processes in the normal population do not fully account for the opposing age-related
changes in the pattern onset-offset VEP and flash VEP in albinism. The horizontal and interlaminar connections and
synaptogenesis of the retinocortical hemispheric projections are fully established in infants and the anatomical pattern of
chiasmal misrouting in albinos should not change with age.63,122–126 However, structural imaging studies have shown that
intracortical myelin in the visual cortex continues to increase well into adulthood, peaking between 30 and 40 years of age127

and declines beyond 50 years of age. Development of V1 in infants may favour flash over pattern onset-offset activation,
whereas developmental changes in contrast sensitivity (up to 8 years of age) and contour integration (up to 15 years of age)
may favour pattern onset-offset over flash activation.128–130 The presence of misrouted fibres and temporal deficits during the

Figure 3 Schematic of normal and albino visual pathways. (A) Normal visual pathways. Nerve fibres originating from temporal retina project to the ipsilateral hemisphere
(red line). Nerve fibres originating from predominantly nasal retina, cross at the chiasm and project to the contralateral hemisphere (blue line). (B) Albino misrouting. The
majority of optic nerve fibres decussate to the contralateral hemisphere (red and blue lines). Adapted from Neveu MM, Jeffery G. Chiasm formation in man is fundamentally
different from that in the mouse. Eye. 2007;21(10):1264–1270.86
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critical periods of visual development may contribute to differences in synaptogenesis between normally pigmented and
albino individuals, accounting for some of the age-related changes in the VEP. This does not explain why the ipsilateral
cortical projection shows a greater degree of abnormality compared to the contralateral, irrespective of the stimulus modality,
and developmental irregularities of the hypopigmented retina may be relevant. Normal retinal development in mammals
follows a centre-periphery gradient originating at the presumptive foveal region131–136 and at birth the foveal pit is formed.
The specialization of the fovea, however, occurs postnatally, reaching maturity at 15–45 months.137–139 Thereafter, plasticity

Figure 4 Normal Flash VEPs (A) P2 peak time in ipsilateral and contralateral hemispheres of control subjects. Peak times from both hemispheres are symmetrical and
shorten until approximately 18–20 years of age, do not change between 20–40 years of age, then increases beyond 40 years of age (B) P2 amplitude in ipsilateral and
contralateral hemispheres of control subjects. P2 amplitudes from both hemispheres are symmetrical and reduce significantly with age (P < 0.05). Reprinted from Neveu
MM, Jeffery G, Burton LC, Sloper JJ, Holder GE. Age-related changes in the dynamics of human albino visual pathways. Eur J Neurosci. 2003;18(7):1939–1949.110
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and maturation of the visual system is highly dependent upon visual experience.140 Similar developmental profiles are
observed in hypopigmented animals but the gradient is shallower82,141 and there is an increased number of mitotic profiles
along the horizontal meridian due to delay in retinal mitosis.142 This suggests that ipsilateral RGCs originating in temporal
retina are less developed than contralateral RGCs originating in nasal retina. Therefore, abnormal retinocortical projections in
the albino may be further compounded by underdevelopment of the ipsilateral pathway.

Figure 5 Normal Pattern onset-offset VEPs (A) CII peak times in ipsilateral and contralateral hemispheres of control subjects. CII peak times from both hemispheres are
symmetrical and significantly shorten with increasing age (P < 0.0001). (B) CII amplitude in ipsilateral and contralateral hemispheres of control subjects. CII amplitudes from
both hemispheres are symmetrical. P2 amplitude reduces significantly with age (P < 0.005). Reprinted from Neveu MM, Jeffery G, Burton LC, Sloper JJ, Holder GE. Age-
related changes in the dynamics of human albino visual pathways. Eur J Neurosci. 2003;18(7):1939–1949.110
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Figure 6 Pattern onset-offset VEPs and Flash VEPs from an age-matched control (A) and a 60 year old patient with albinism (B, C) using five scalp electrodes positioned
over the occiput; 2 electrodes over the right hemisphere; two electrodes over the left hemisphere; 1 electrode over the midline. (A) VEP responses from control subject
are symmetrical and of similar amplitude and peak time from the left and right hemisphere. (B). Pattern onset-offset VEP responses from a 60-year-old patient with albinism.
Right eye (rows 2) VEP responses are of shorter peak and/or larger amplitude from the left hemisphere compared with the right hemisphere. Left eye (rows 3) VEP
responses are of shorter peak and/or larger amplitude from the right hemisphere compared with the left hemisphere. (C) Flash VEP responses from a 60-year-old patient
with albinism. VEP responses from both eyes are symmetrical and of similar amplitude and peak time from the left and right hemisphere.
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Visual Fields
In individuals with albinism, visual field representation has been studied using static perimetry, MRI and fMRI143–149 but
there is conflicting evidence of visual field abnormalities. Most studies show that the abnormal visual pathway projection
in albinism results in an altered retinotopic map, where a mirror-image map from temporal retina is superimposed on the
normal retinotopic map from nasal retina.143,144 This mirroring of the abnormal projection in human albinos is made
available for visual perception and is consistent with a detailed study of an albino monkey.78

Differential Diagnosis
The clinical diagnosis of albinism can be clear in patients where most of the clinical signs are present or misrouting is
confirmed on VEP testing. However, OCA is a heterogeneous disorder and the presence and severity of ocular and cutaneous
features can show inter- and intra-familial variation.9,150,151 On clinical examination, the typical characteristics can be absent
or equivocal and it may be difficult to detect foveal hypoplasia or iris transillumination, particularly in patients with nystagmus
or in young children. Symptoms and signs such as poor visual acuity and nystagmus are non-specific, and milder cases of
albinism may be mistaken for relatively common disorders such as infantile onset or congenital motor nystagmus.152,153 It is
essential to exclude progressive retinal, neurological and syndromic causes154–159 and visual electrophysiology plays an
important role.104–110 Syndromes that include “albino-like” signs such as iris or skin hypopigmentation may lack VEP
evidence of optic nerve misrouting (see Syndromic OCA and Syndromic Hypopigmentation Disorders). Inherited retinal
causes of nystagmus include Leber congenital amaurosis, cone and cone rod dystrophy and stationary disorders such as
achromatopsia, S-cone monochromacy and complete and incomplete congenital stationary night blindness, distinguished by
abnormal functional phenotypes evident on full-field flash electroretinography (ERG).158–160 In albinism, the ERGs fall within
the “normal” reference range, which excludes a retinal cause for the nystagmus. This is often reassuring as progressive
photoreceptor dystrophies or severe cone dysfunction disorders may be associated with a worse visual prognosis.

Figure 7 Flash VEPs from an 8-month-old patient with albinism using five occipital scalp electrodes; 2 electrodes over the right hemisphere; 2 electrodes over the left
hemisphere; 1 electrode over the midline. Right eye (row 1) VEP responses are of higher amplitude from the left hemisphere compared with the right hemisphere. Left eye
(row 2) VEP responses are of higher amplitude from the right hemisphere compared with the left hemisphere.
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Summary
Albinism is a heterogeneous disorder with ocular features common to OA and OCA. Accurate diagnosis informs clinical
management and is essential to enable counselling and in patients that require medical intervention or monitoring, such
as those with some syndromic forms of OCA. Recent advances in genetics offer the possibility of precise diagnosis if

Figure 8 Flash VEP characteristics in 83 patients with albinism including 17 genetically confirmed cases of OCA, 3 cases of OA, 5 cases of HP syndrome and 1 case of CH
Syndrome. (A) P2 amplitude in ipsilateral (bold line) and contralateral (dashed line) hemispheres. There is a significant inter-hemispheric amplitude difference up until ~18
years of age. There is no significant inter-hemispheric difference beyond 18 years. (B) Flash VEP P2 peak time in ipsilateral (bold line) and contralateral (dashed line)
hemispheres of patients with albinism. P2 peak times in both hemispheres are symmetrical and similar to those in control subjects. Black filled data points are from
genetically confirmed patients. Data from Neveu MM, Jeffery G, Burton LC, Sloper JJ, Holder GE. Age-related changes in the dynamics of human albino visual pathways. Eur J
Neurosci. 2003;18(7):1939-1949110, with additional patients and highlighting of genetically confirmed cases.
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genetic testing is indicated, but the availability of genotyping may be limited, and early diagnosis confounded if
symptoms and signs are mild or non-specific. Visual electrophysiology can play a pivotal role in distinguishing albinism
from other disorders including those associated with ocular hypopigmentation. An important characteristic of albinism is
the presence of intra-cranial visual pathway misrouting, as revealed by multi-channel VEPs. The sensitivity of VEPs to

Figure 9 Pattern onset-offset VEP characteristics in 66 patients with albinism including 8 genetically confirmed cases of OCA, 3 cases of OA, 2 cases of HP syndrome and 1
case of CH Syndrome. (A) CII peak time in ipsilateral (bold line) and contralateral hemispheres (dashed line). CII peak time in the contralateral hemisphere is shorter than
peak time in the ipsilateral hemisphere for all ages. The inter-hemispheric peak time difference increases with age. (B) CII amplitude in ipsilateral (bold line) and contralateral
(dashed line) hemispheres of patient with albinism. CII amplitudes in both hemispheres are symmetrical, similar to that in control subjects. Black filled data points are from
genetically confirmed patients. Data from Neveu MM, Jeffery G, Burton LC, Sloper JJ, Holder GE. Age-related changes in the dynamics of human albino visual pathways. Eur J
Neurosci. 2003 Oct;18(7):1939-1949110, with additional patients and highlighting of genetically confirmed cases.
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misrouting has been shown to depend on age-appropriate choice of flash or pattern onset-offset stimulation, as
corroborated in this study by novel VEP data in a range of genetically confirmed albino cases.
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