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1 Abstract
2 Purpose: To investigate the time-course of foveal development after birth in infants with

3  albinism.

4 Design: Prospective, comparative cohort optical coherence tomography (OCT) study

5  Methods: 36 children with albinism were recruited. All participants were aged between 0
6 and 6 years and were seen at Leicester Royal Infirmary. A total of 181 mixed cross-sectional
7  and longitudinal OCT examinations were obtained, which were analyzed for differences in

8 retinal development in comparison to 297 cross-sectional control examinations.

9  Results: Normal retinal development involves migration of the inner retinal layers (IRLs)
10  away from the fovea, migration of the cone photoreceptors into the fovea and elongation of
11 the outer retinal layers (ORLs) over time. In contrast to controls where IRL migration from
12 the fovea was almost completed at birth, a significant degree of IRL migration was taking
13 place after birth in albinism, before arresting prematurely at 40 months postmenstrual age
14  (PMA). This resulted in a significantly thicker central macular thickness in albinism
15 (A=83.84+6.1, p<0.0001 at 69 months PMA). There was evidence of ongoing foveal ORL
16  elongation in albinism, although reduced in amplitude compared to controls after 21 months

17 PMA (A=-17.34.3, p<0.0001).

18  Conclusions: We have demonstrated evidence of ongoing retinal development in young
19  children with albinism, albeit at a reduced rate and magnitude compared to controls. The
20 presence of a period of retinal plasticity in early childhood raises the possibility that
21 treatment modalities, which aim to improve retinal development, could potentially optimize

22 visual function in albinism.
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Table of Contents Statement

In this prospective, comparative cohort) study of in vivo retinal development in 36 children
with albinism, evidence of ongoing retinal development in early childhood in albinism has
been demonstrated using in vivo hand-held optical coherence tomography imaging.
Potentially treatment during this critical period may improve retinal development and

optimize visual function
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Introduction

Albinism is a group of disorders of melanin biosynthesis that affects approximately 1 in
4000 people in the United Kingdom and are characterized by cutaneous and/or ocular hypo-
pigmentation, nystagmus, strabismus, refractive errors, foveal hypoplasia and optic nerve
misrouting.!? It is hypothesized that normal foveal development is arrested in individuals with
albinism resulting in foveal hypoplasia (persistence of the normally absent inner retinal layers
(IRLs) at the fovea).>* However, we have recently shown that normal retinal development
continues until early adolescence and it remains unclear if postnatal development is arrested or
continues in an altered spatial and temporal pattern in infants and young children with
albinism.’

Normal pigmentation and development of the eye are dependent upon the presence of a
functioning tyrosinase (TH) enzyme®, which catalyzes the conversion of tyrosine to
dihydroxyphenylalanine (DOPA), phaeomelanin, eumelanin and dopamine (DA).”® This
pathway is disrupted in albinism, with a consequential deficiency of several key molecules
essential for normal retinal development. As a result, retinal development in albinism is altered
in several ways including an abnormal division pattern of the retinal progenitors from the early

1011 with chiasmal misrouting'®, an

stages’!?, abnormal decussation of ganglion cell axons
abnormal pattern of apoptosis and mitosis during post-natal development!®!*!> and a reduction
in the number of photoreceptors. *!!'1® Most of these studies are based on animal or in vitro
models with very little work performed on in vivo retinal development in humans affected by
albinism. The recent development of hand-held spectral domain optical coherence tomography
(HH-SDOCT) technology which can reliably obtain high resolution cross-sectional retinal
imaging in vivo in infants and young children provides the ability to remedy this limitation.'”-!8

Several components of the melanin/DA synthesis pathway are being targeted as

potential treatment options in oculocutaneous albinism (OCA).!”?* Postnatal nonsense
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mutation suppression treatment strategies have also demonstrated potential in P4X6 mutations,
another condition associated with foveal hypoplasia.’>** With these therapies potentially
becoming available, it is important to develop a detailed understanding of in vivo human retinal
development in albinism so that further therapeutic targets can be identified, the timing of
treatment can be optimized and treatment outcomes can be objectively assessed. We therefore
performed a longitudinal HH-SDOCT study of in vivo foveal development, in a cohort of 36
children aged between birth and 6 years of age, with a diagnosis of albinism. Our aim was to
investigate whether foveal hypoplasia in albinism is associated with arrested retinal
development after birth or if further retinal development occurs after birth reflecting neuronal

plasticity.
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Methods
Study design & Participants
This was a prospective, comparative cohort OCT study of in vivo retinal development

in albinism. Informed consent was obtained from all parents/guardians of patients and control
subjects participating in this study. The study adhered to the tenets of the Declaration of
Helsinki, and was prospectively approved by the NRES Committee East Midlands —
Nottingham 2; REC reference 12/EM/0261: Characterisation of normal and abnormal ocular
development using ultra-high resolution optical coherence tomography (UHR-SD OCT). The
cohort for this study included 43 children with a confirmed clinical diagnosis of albinism
(Supplementary Table 1) and 148 age and race-matched controls. Albinism was diagnosed
based on previously established diagnostic criteria®® as follows:

¢ 3 major criteria or

e 2 major and 2 minor criteria for the diagnosis of albinism or

e In the presence of a molecular diagnosis, 1 major criterion or 2 minor criteria for the

diagnosis of albinism was sufficient.

Major criteria
e Foveal hypoplasia grade 2 or more
e Optic nerve misrouting on visual evoked potential (VEP) testing
e Ocular hypopigmentation, either Iris transillumination defects or fundus

hypopigmentation grade 2 or more

Minor criteria
e Infantile nystagmus
e (Cutaneous hypopigmentation

e (Grade 1 fundus hypopigmentation
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Molecular diagnosis
e A genotype consisting of 1 previously published pathogenic variant in a known OCA
gene or 1 novel variant deemed 'highly likely' to be pathogenic & either
o A 2nd known or novel 'highly likely' pathogenic variant in the same gene or
o A 2nd common variant in the same gene, known to be associated with an

albino phenotype

A total of 181 mixed cross-sectional and longitudinal HH-SDOCT examinations were
obtained, which included 93 (51.3%) and 88 (48.6%) tomograms obtained from the right and
left eyes respectively, in the albinism group. These were compared to 297 cross-sectional
control examinations, which included 151 (50.8%) and 146 (49.2%) tomograms obtained from
the right and left eyes respectively.

In order to select the appropriate control examinations for comparison from our
previously published normative database®, the albinism scans were divided into 14 age groups
as follows: less than 40 weeks gestational age (GA), 41 to 46 weeks GA, 47 to 52 weeks GA,
2 to 5 months, 6 to 8 months, 9 to 11 months, 12 to 17 months, 18 to 23 months, 24 to 29
months, 30 to 35 months, 3 years, 4 years, 5 years and 6 years. They were also divided by race
as follows: Caucasian, Asian or Afro-Caribbean. Only the control OCT examinations that
matched both the age group and race of each albinism OCT examination obtained were included
for comparison. The mean postnatal age at the time of examination was 37.8 months (range 0.9
- 83.6) for the albinism group and 37.7 months (range 0 - 83.3) for the control group.

All participants underwent a full orthoptic and ophthalmologic examination, which
included slit-lamp examination (where possible), fundus examination and measurement of
visual acuity (VA). VA was assessed in younger infants and children by preferential looking

using Teller acuity cards. In cooperative children, Teller acuity cards and/or logMAR crowded
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optotypes (Glasgow Acuity Cards) were used. The clinical characteristics of the albinism

participants are summarized in Supplementary Table 1.

Optical Coherence Tomography

HH-SDOCT (Leica Microsystems, Wetzlar, Germany) was used to obtain a 10 mm x 5
mm high-density volumetric scan (consisting of 100 B-scans and 500 A-scans per B-scan, with
a distance of 50 pm between successive B-scans) of the foveal region as previously described. '8
The acquisition speed for each B scan was 5.8 ms with an overall scan time of 2.9 seconds,
optical resolution of <4 um and a digital resolution of 2.4 um per pixel. This ensured that any
motion artifact caused by nystagmus was minimal. Acquisition of an OCT scan was considered
successful if the B-scan containing the foveal center was captured together with a minimum of
five uninterrupted B scans (i.e., without refixations or blinks on either side of the central foveal
B-scan). In all cases, the OCT scan was obtained from the right eye first, followed by the left
eye. The acquired images were exported from the OCT software and imported into ImageJ
software (available at: http:// rsbweb.nih.gov/ij/; Date accessed: May 11, 2012) where retinal
layer segmentation was performed. The lateral scale of each image was estimated using
previously reported pediatric axial length data!” which was also adjusted for refractive error
based on information provided by the manufacturer. The nomenclature used to label the
segmented layers are based on previously established anatomical correlates with histology.?%?’
One significant difference that should be noted between the anatomical and histological
correlates for each retinal layer, is the inclusion of Henle fiber layer as part of the outer nuclear
layer on OCT — as this layer cannot normally be visualized on OCT.?” For the purposes of this

study, the parafovea and perifovea were defined as the regions measured at 1000 pm and 2000

um from the central fovea, respectively.
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Statistics and Modelling

Fractional polynomial modelling®® was used to estimate the mean trajectory (:SEM) of
development for each foveal layer thickness with time. Statistical analysis was performed using
STATA software (version 14, StataCorp LP, College Station, TX; available

at: http://www.stata.com). A polynomial fit was determined for the whole data set (albinism

and controls) which was then fitted to each group separately including interaction terms to allow
different time courses to be modelled for each group. Applying a single model to the whole data
allowed for statistical comparison of differences between the two groups at specific points in
time (term, 12 months, 24 months and 60 months post menstrual age (PMA). Results were

considered to be significant with a type 1 error rate of less than 0.05 (p<0.05).
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Results
General Outline of Foveal Morphology and Development in Albinism

We observed a considerable degree of variation in the clinical features and grade of
foveal hypoplasia observed in our cohort, suggesting that albinism is a phenotypically highly
heterogenous group of conditions (Supplementary Table 1).? Interestingly, there was evidence
of ongoing foveal development in albinism prior to 40 months postmenstrual age (PMA), with
a reduction in foveal IRL thickness and elongation of the outer retinal layers (ORLs) evident in

individuals with longitudinal follow-up examinations (Figure 1 & 2).

Total Retinal Thickness

Between birth and 21 months PMA, there was a logarithmic age-related increase in
CMT evident from birth, albeit occurring at a reduced rate in albinism in comparison to the
control group (Figure 3A). The central macular thickness (CMT) was significantly greater in
albinism at all measured time-points in comparison to controls as a result of the presence of
significantly thicker inner retinal layers (IRLs) at the fovea (»p<0.0001) (Figure 3A, 3B &
Supplementary Table 2). In contrast, the parafoveal (1000 um from the central fovea) and
perifoveal (2000pum from the central fovea) retinal thicknesses (RT) were decreased in albinism
in comparison to controls (Figure 3A & Supplementary Table 2). This was attributable to
significant reductions in the thicknesses of the parafoveal and perifoveal IRLs (Figure 3B &
Supplementary Table 2). The degree of foveal excavation (pit depth) was significantly reduced
in albinism (21.9 pm, SD 32.1 pum) in comparison to controls (129.4 um, SD 28.5 pum),
p<0.0001. Interestingly, whilst the thickness of the temporal parafoveal and perifoveal outer
retinal layers (ORLs) were significantly decreased, the nasal perifoveal ORL thickness was
significantly increased in albinism in comparison to controls (Figure 3C & Supplementary

Table 2).
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Inner Retinal Layers

The IRL thickness was significantly greater in albinism at all measured time-points in
comparison to controls at the fovea (p<0.0001) (Figure 3B & Supplementary Table 2). This
difference was due to impaired migration of the foveal IRLs, including the retinal nerve fiber
(RNFL), ganglion cell complex (GCC) which encompasses the ganglion cell layer (GCL) and
the inner plexiform (IPL), and outer plexiform (OPL) in albinism (Figure 4A, 4B, 4C & 4D).
Interestingly, there was evidence of ongoing regression of the inner nuclear layer (INL) until
approximately 21 months PMA, in both the albinism and control groups. However, in contrast
to the control group, the INL never completely regresses from the fovea in the albinism group
(A=29.0+2.3, p<0.0001 at 69 months PMA). As a result, the mean foveal IRL thickness
significantly thicker in albinism (109.1 um, SD 42.1 pm) in comparison to controls (17.2 um,
SD 18.1 um) from a combination of significant increases in each of the IRLs. In keeping with
impaired IRL migration occurring in the developing albino retina, we found that the parafoveal
RNFL was significantly thicker nasally (A=2.54+1.3, p<0.0001 at 69 months PMA) and
temporally (A=3.07+0.87, p<0.0001 at 69 months PMA), whilst the nasal perifoveal RNFL was
significantly thinner in albinism (A=-5.76+2.3, p<0.0001 at 69 months PMA) (Figure 4A &
Supplementary Table 3).

In addition, we observed an altered spatial distribution of each of the inner retinal layers
at the parafovea and perifovea. In contrast to the significantly increased central foveal IRL
thickness, the parafoveal IRL thicknesses were significantly decreased in albinism as a result
of significant reductions in the nasal and temporal GCC thickness, nasal and temporal INL

thickness and nasal OPL thickness (Figure 4B, 4C, 4D & Supplementary Table 3).

Outer Retinal Layers
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There were significant and interesting differences in the individual ORL thicknesses
observed between albinism and control groups. The foveal ORL thickness was significantly
decreased in albinism from 21 months of age (A=-17.3+4.3, p<0.0001) (Figure 3C &
Supplementary Table 2). This was mainly attributable to significantly decreased thicknesses of
the foveal photoreceptor inner segments (IS) (A=-3.02+1.12, p<0.0001 at 21 months PMA) and
photoreceptor outer segments (OS) (A=-7.99+1.4, p<0.0001 at 21 months PMA) (Figure 5B,
5C & Supplementary Table 4). Interestingly, there was no significant difference noted in the
foveal ONL thickness measurements recorded from the albinism and control groups (Figure SA
& Supplementary Table 4). The perifoveal nasal-temporal ORL thickness asymmetry
previously observed appears to be the consequence of a combination of significant increases in
the nasal perifoveal outer nuclear layer (ONL) (A=10.2+£3.17, p<0.0001 at 69 months PMA)
and photoreceptor outer segment (OS) (A=7.01£0.93, p<0.0001 at 69 months PMA) thicknesses
and a significant decrease in the temporal perifoveal ONL (A=-4.7014+2.7, p=0.004 at 69
months PMA) (Figure 5A, 5C & Supplementary Table 4). In contrast to the foveal OS thickness,
which is significantly decreased, the parafoveal OS measurements were significantly increased
in albinism in comparison to controls (Figure 5C & Supplementary Table 4). A Pearson's
product-moment correlation was run to assess the relationship between foveal OS thickness and
foveal excavation in albinism. There was a moderate positive correlation between foveal OS
thickness and foveal excavation, r(177) = 0.365, p < .0001. There was a uniform decrease in
retinal pigment epithelium (RPE) thickness across all measured retinal locations in albinism

(Figure 5D & Supplementary Table 4).
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Discussion

Normal retinal development is complex, non-linear, continues until adolescence and
involves centrifugal migration of the inner retinal layers (IRLs) away from the foveal centre,
centripetal migration of the cone photoreceptors into the foveal centre and elongation of the
outer retinal layers (ORLs) over time.>*%3? Normally, melanin and L-DOPA determine the
differentiation, migration and spatial distribution of the neuronal cells within the mammalian
retina.’3** L-DOPA and other tyrosinase dependent signalling molecules have also been shown
to have a key role in directing the correct neuronal projections to the optic chiasm.!®!!3 It has
been demonstrated that L-DOPA acts through the OA1l G-protein coupled receptor to
upregulate PEDF, a molecule that appears to be crucial for normal retinal development.3>-3
Consistent with disruption of normal retinal development caused by impaired melanin and L-
DOPA synthesis in albinism, we observed the presence of foveal hypoplasia on OCT
examination in our participants with albinism. This suggests that a deficiency of L-DOPA or
one of its metabolic products in albinism results in impaired migration of the IRLs away from
the fovea.

Of note, we observed evidence of ongoing regression of the foveal INL after birth in
albinism, although this process appears to arrest at approximately 21 months PMA before it can
be completed. We also noted an altered spatial distribution of each of the individual retinal
layers at the parafovea and perifovea in albinism. This included an interesting pattern of
perifoveal nasal-temporal IRL and ORL thickness asymmetry, where the nasal retinal layers
were significantly thicker and the temporal retinal layers were significantly thinner in albinism
in comparison to controls. This suggests that there is aberrant neuronal migration occurring
within the developing albino retina.

An interesting pattern of OS development was also observed in our cohort, where the

parafoveal OS measurements were significantly thicker and the foveal OS measurements were
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significantly thinner in albinism in comparison to controls. Normal retinal maturation involves
centripetal migration of the cone photoreceptors into the central fovea and cone density
measurements have been correlated with the thickness of the ONL?***” The pattern of OS
development observed in this study may reflect impaired centripetal migration of peripheral
cone photoreceptors into the central fovea, resulting in a reduced central foveal photoreceptor
density and thickening of the parafoveal and perifoveal OS layer. This suggests that melanin
and/or L-DOPA are necessary for the correct spatial distribution of the photoreceptors within
the retina, in addition to their established role in directing the correct neuronal projections to
the optic chiasm.'%!"!3 There is supporting evidence in the literature for this in non-primate
mammals, with a positive correlation between demonstrated between levels of ocular melanin
and rod numbers in mice and rabbits with albinism.!6-383°

It is interesting to compare in vivo retinal development in albinism to our previously
reported description of in vivo retinal development in achromatopsia (ACHM), a condition also
associated with abnormal retinal development — but for a different reason (loss of function in
cone photoreceptors).*’ Although both conditions are associated with foveal hypoplasia,
interestingly, the CMT is significantly increased in albinism and significantly decreased in
ACHM.* This reflects the different pathology underlying both conditions with a primary
abnormality of neuronal migration in albinism and a loss of function of the cGMP-gated channel
in the cone photoreceptors with resultant photoreceptor cell death in ACHM.*' Retinal
development in ACHM is further distinguished from retinal development in albinism, by the
absence of perifoveal nasal-temporal IRL and ORL thickness asymmetry, presence of
significant reductions in the parafoveal and perifoveal IPL and OPL thicknesses, altered
developmental trajectories of the ORLs and evidence of RPE degeneration in ACHM.*
However, in both conditions there is evidence of ongoing retinal development with regression

of the IRLs and elongations of the ORLs, suggesting that there is a period of residual plasticity
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that could be targeted in conditions associated with abnormalities of retinal development in
infancy. In addition, if the longitudinal in-vivo OCT appearance of retinal development is
altered in a very specific way for each individual retinal condition, OCT could be used as a
unique biomarker for each of these conditions and potentially treatments could be customized
and timed to the specific developmental abnormalities identified. Further studies of retinal
development in other retinal dystrophies and degenerations are needed to confirm if this is the
case.

We have demonstrated multiple abnormalities in the development of the human albino
retina, which are likely the result of deficiencies of key molecules that are normally produced
as part of the melanin/DOPA synthesis pathway. This study has also demonstrated that retinal
development is not arrested in albinism, as previously hypothesized.* Ongoing regression of
the inner retinal layers and elongation of the outer retinal layers in albinism, although delayed
and incomplete in comparison to normal controls, suggest that there is a period of residual
plasticity where treatments could potentially be targeted. This presents us with several
therapeutic possibilities, some of which are already being administered on a trial basis in
oculocutaneous albinism. This includes Nitisinone (an inhibitor of 4-hydroxyphenylpyruvate
dioxygenase which acts to increase plasma tyrosine levels), gene therapy whereby adeno-
associated virus (AAV) vectors mediate tyrosinase gene replacement and DOPA replacement.
19214243 Tt remains to be proven if administration of any of these potential treatments in early
infancy and childhood, while there is still residual plasticity in the developing albino retina will
help to normalize retinal development and optimize visual function. OCT will likely play an

important role in monitoring developmental outcomes in any future treatment trials.
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Figure Legends
Figure 1: Examples of foveal tomograms from 2 participants with albinism and control

subjects illustrating the main features of foveal development with postnatal age.

Foveal hypoplasia is evident in all of the tomograms taken from the albinism group (A). In each
case, the most central foveal B-scan is shown — although there may be intra-subject differences
in both the orientation and scaling of the tomogram, depending on the age and positioning of
the participant and the position of the hand-held OCT probe at the time of image acquisition.
There is a reduction in the thickness of the IRLs (outlined by the dashed white lines and includes
the RNFL, GCL, IPL, INL and OPL) with increasing age. This is in contrast to the control
group, where there are no IRLs visible at the fovea after the first few months of life (B). In both
the albinism and control groups, there is elongation of the outer retinal layers (ORLs) (indicated

by the white double-sided arrows and includes the ONL, IS and OS) with increasing age.

* and @ indicate tomograms taken from the same patient at different time points

RNFL = retinal nerve fiber layer; GCL = ganglion cell layer; IPL = inner plexiform layer; INL
= inner nuclear layer; OPL = outer plexiform layer; ONL = outer nuclear layer; ELM = external
limiting membrane; IS = photoreceptor inner segment; ISE = ellipsoid of the inner segment of
the photoreceptor; OS = photoreceptor outer segment; RPE = retinal pigment epithelium; IRLs

= inner retinal layers; ORLs = outer retinal layers

Figure 2: Developmental trajectories for retinal thickness, inner retinal layers and outer

retinal layers at the fovea for participants with albinism with longitudinal measurements.
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The plots for each panel show the trajectories plotted over a time period spanning 0 through
100 months postmenstrual age. Each participant has been represented by a different color and

each point represents a single value from each OCT examination.

PMA = postmenstrual age

Figure 3: Developmental trajectories for the retinal thickness, inner retinal layers and

outer retinal layers at the fovea, parafovea and perifovea.

The plots for each panel show the trajectories plotted over a time period spanning O through

100 months postnatal age. Each point represents a single value from each OCT examination.

The lines of best fit (trend lines) are shown in blue and red for the albinism and control groups,

respectively.

* and ** indicates significance at <0.05 and < 0.01, respectively

PMA = postmenstrual age

Figure 4: Developmental trajectories for the retinal nerve fibre, ganglion cell, inner

plexiform, inner nuclear and outer plexiform layers.

The plots for each panel show the trajectories plotted over a time period spanning O through

100 months postnatal age. Each point represents a single value from each OCT examination.
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The lines of best fit (trend lines) are shown in blue and red for the albinism and control groups,

respectively.

* and ** indicates significance at <0.05 and < 0.01, respectively

PMA = postmenstrual age

Figure 5: Developmental trajectories for the outer nuclear, photoreceptor inner segment,

photoreceptor outer segment and retinal pigment epithelium layers.

The plots for each panel show the trajectories plotted over a time period spanning 0 through

100 months postnatal age. Each point represents a single value from each OCT examination.

The lines of best fit (trend lines) are shown in blue and red for the albinism and control groups,

respectively.

* and ** indicates significance at <0.05 and < 0.01, respectively

PMA = postmenstrual age
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In this prospective, comparative cohort) study of in vivo retinal development in 36 children
with albinism, evidence of ongoing retinal development in early childhood in albinism has
been demonstrated using in vivo hand-held optical coherence tomography imaging.
Potentially treatment during this critical period may improve retinal development and

optimize visual function
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Table 1: Clinical Characteristics of Albinism Participants
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ID | gox Age (LogMAR)f Refraction TID |_Grade* VEP

(months)
oD | 0S oD 0s oD | 08

1| M | 291 |120]210]| +1.20-1.50@33 | +8.50/-125@173 | Y | 2 | 2 Afyrr‘r’lsrfgtiry
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56.2 | 0.75 | 0.73 | +7.00/-3.00@180 | +8.50/-2.50@]180 1|1 Crossed
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6| F 144 | 0.70 | 0.70 | +0.25/+0.50@90 | +0.25 v | 3 | 3| Crossed
19 |~ | +4.00 +4.00 3 | 3 |Asymmetry
23.9 — | - | +4.00 +4.00 313
2893 | 0.80 | 0.80 | +4.50 +4.50 3 13
4.5 1.60 | 1.60 010

70 M| 124|090 | 090 Y oo Ascyr:r’lsr;ifry
19.8 | 1.00 | 1.00 010

s | M 461 | 0.50 | 0.60 | +0.754075@170 | +0.754075@75 | | 3 | 3 | oo
63.1 | 0.83 | 0.80 | +1.75/-0.50@10 | +1.75/-0.50@170 3 13
429 | 1.00 | 0.95 | +0.00/-3.25@16 | +0.25/-2.75@167 2 | 2

9 | M 489 ] 0.90 | 1.00 | +0.00/-3.25@16 | +0.00/-2.75@167 | Y | 2 | 2
549 | 0.75 | 0.75 | +0.00/-3.25@16 | +0.00/-2.75@167 2 | 2
45 0.85 | 0.75 | +4.00 +4.00 1|1

10| F 475 ] 0.70 | 0.75 | +6.00/-0.50@155 | +5.50 Y | 1|1 Normal
622 | 0.65 | 0.60 | +6.50/-0.75@150 | +5.75 1|1

11| M | 5227 050 ] 0.50 | +0.00/+1.00@90 | +0.00/+1.00@90 | Y | 1 | 1 Normal
49.8 | 1.00 | 1.00 | +5.50/-3.00@5 | +6.50/-3.50@100 313

o 557 | 1.00 | 1.00 | 45.50/3.00@5 | +6.50/3.50@180 | _ | 3 | 3 | Crossed
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3] M | 268 |090 090 Yy | 1|1 Ag&fﬁfy
32 0.60 | 0.50 | +3.00/+1.00@90 | +3.00/+1.00@90 1|1 Crossed

141 M| 370|080 | 0.70 | +3.00/+1.00@90 | +3.00+1.00@90 | Y | 1 | 1 | Aqymmetry
497 1070 | 0.65 | +5.75/-1.75@51 | +4.50/-1.25@177 1|1

15| M 55 — | - | 4+2.00+0.50@90 | +2.00/+0.50@90 | Y 1 1

|4



8.2 1.00 | 1.00 | +2.00/+0.50@90 | +2.00/+0.50@90 1|1 Crossed
14.2 +2.00/+0.50@90 | +2.00/+0.50@90 | | 1 | Asymmetry
16 578 | 0.70 | 0.70 SERER PR
Asymmetry
0.92 — | — | +1.50 +1.50 4 | 4
1.1 — | — | +1.50 +1.50 4 | 4
17 v Crossed
1.6 — | — |+150 +1.50 4 | 4 | Asymmetry
2 — | — | +1.50 +1.50 4 | 4
10.5 1.00 | 1.00 | +0.50 +0.50 4 | 4
18 11.6 - - - - % 3 3 Crossed
144 | 1.00 | 1.00 3 | 3 | Asymmetry
147 | 0.50 | 0.50 1|1
19 214 o o — — Y ! ! Unreliable
31.4 1|1
377 | 050 | 0.50 1|1
9.2 0.70 | 0.70 | +3.00 +3.00 1|1
20 v Crossed
11.1 | 0.90 | 0.90 | +3.00 +3.00 Ll 1| Asymmetry
171 | 0.60 | 0.60 | +3.00 +3.00 1|1
. 12.7 | = | +6.5041.00@90 | +6.50/+1.00@90 | | 4 | 4 | Crossed
21.9 0.70 | 0.70 | +7.50/-0.50@180 | +7.00 4 | 4 |Asymmetry
22 541 | 050 | 0.33 | +5.50 +6.00 Y | 1|1 Normal
23 102 | 1.00 | 1.00 N | 3| 3 | Crossed
Asymmetry
Crossed
24 71 0.28 | 0.20 | +3.50/-2.00@25 | +4.50/2.00@10 | Y | 3 | 3 e
55 80.1 | 0.55 | 0.55 | +1.00/+1.50@100 | +0.25+2.75@85 | , | 1 | 1 Crossed
83.1 | 0.53 | 0.58 | +1.00/+1.50@100 | +0.25/+2.75@85 1 | 1 |Asymmetry
26 545 | 0.40 | 175 | +4.50/-1.50@20 | +6.00/-2.00@160 | |, | 1 | 1 Crossed
758 | 0.63 | 0.63 | +4.50/-1.50@20 | +6.00/-2.00@160 1 | 1 |Asymmetry
23.9 | - | 43.00/-4.00@15 | +3.50/-4.00@162 4 | 4
27 30.2 - | - | 43.00/-4.00@15 | +3.50/-4.00@162 | Y | 4 | 4 | Unreliable
368 | 0.95 | 1.05 | +2.50/-3.40@30 | +3.00/-3.50@160 4 | 4
28 11.3 — | — | +7.00 +7.00 Y | 1] 1
” 48.1 | 0.85 | 0.80 | -0.50/+0.75@180 | 0.50/+1.00@180 | | 1 | 1 Crossed
594 | 065|075 | 0.50+1.00@130 | -1.50/+0.75@110 | | 1 | Asymmetry
30 43.6 | 0.70 | 0.80 | +4.00/3.00@180 | +4.50/-3.00@180 | Y | 2 | 2 Ac“’ssed
symmetry
31 37 130 | 1.30 Y Unreliable
32 37.9 1.20 | 1.20 | +2.50/-4.25@179 | +3.00/-4.25@?2
33 6.6 130 | 130 | +1.50/41.50@90 | +1.50/+1.50@90 | vy | 4 | 4 | Crossed
Asymmetry
» 16.2 1.60 | 1.60 | -0.50/0.5@180 -0.50/0.50@180 N | 1] Crossed
245 | 0.60 | 0.60 | -0.50/0.5@180 -0.50/0.50@180 1 | 1 |Asymmetry
58.55 | 0.30 +2.00/+1.75@90 1
35 v Increased
61.51 | 0.60 +2.00/+1.75@90 1 Latency
73.28 0.53 +2.00/+1.75@90
3 248 | 090 | 100 | +4.00/-6.00@180 | +4.00-6.00@180 | Crossed
28 1.50 | 1.50 | +4.00/-6.00@180 | +4.00/-6.00@180 4 | 4 |Asymmetry




356 | 1.10 | 1.00 | +2.50/-6.00@5 | +4.00/-6.00@180 4 | 4
39.7 | 1.20 | 1.20 | +3.00/-6.00@180 | +4.00/-6.00@180 4 | 4
37 723 | 040 | 0.45 | +2.25 +2.50/-0.75@100 1 | 1 | Crossed
83.6 | 0.50 | 0.50 | +2.25 +2.75/-0.25@A45 1 | 1 | Asymmetry
38 363 | 0.70 | 0.70 | +4.25/+1.50@85 | +5.00/+1.00@90 4 | 4 Acmssed
symmetry
464 | 1.50 | 1.50 | +0.25/-1.0@180 | +0.25/-1.0@180 1|1
39 7.63 +0.25/-1.0@180 1
16.87 0.70 +0.25/-1.0@180 1
Crossed
40 834 | 0.60 | 0.60 | +5.50/-2.50@170 | +5.25/-2.50@10 U1 | Asymmetry
a1 66.5 | 0.60 | 0.68 | +3.75/-1.00@4 | +4.00/-1.00@178 UL U Unseliable
76.9 | 0.65 | 0.50 | +3.50/-1.00@175 | +4.00/-1.00@175 1|1
334 090 | — |+15 +1.5 1|1
42 38.5 — 1050 | +15 +1.5 1 | 1| Normal
473 1035|045 | +1.5 +1.5 1|1
" 59.7 | 0.45 | 0.65 | +5.00/-3.00@2 | +5.50/-2.50@5 2 | 2 | Crossed
62.7 0.58 | 0.70 | +5.00/-3.00@?2 +5.50/-2.50@5 Asymmetry

Albinism was diagnosed based on the presence of at least two positive signs from: (1) iris transilllumination defects,
(2) presence of foveal hypoplasia on optical coherence tomography (OCT) examination and (3) the presence of crossed

asymmetry on visual evoked potentials.

¥ In some cases, the BCVA appeared to decrease with age. This can be attributed to a change in the type of visual acuity
testing being performed (e.g. from Teller acuity cards in younger infants to Glasgow acuity cards in older children) in

addition to variable levels of cooperation with visual acuity testing at different ages.

* Foveal hypoplasia was graded based on the classification system described by Thomas et al?® as follows: Grade 1 =
shallow foveal pit, Grade 2 = absent foveal pit but photoreceptor outer segments (OS) lengthening and outer nuclear
layer (ONL) widening present, Grade 3 = Grade 2 foveal hypoplasia with absence of OS lengthening and Grade 4 =

Grade 3 with absence of ONL widening. A grade of zero indicates no evidence of foveal hypoplasia on OCT examination.

ID = identification number; M = male; F = female; BCVA = best-corrected visual acuity; RE =right eye; LE = left eye; VEP
= visual evoked potential; TID = iris transilllumination defects; Y = yes; N = no; FH = foveal hypoplasia; VEP = visual

evoked potentials, OS = photoreceptor outer segments, ONL = outer nuclear layer
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