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Abstract

 Purpose—A hallmark of albinism is foveal hypoplasia. However, literature suggests variable 

foveal development. This study evaluates the association between ocular phenotype and foveal 

morphology to demonstrate the broad structural and functional spectrum.

 Methods—Best-corrected visual acuity (BCVA), nystagmus, angle kappa, stereoacuity, iris 

transillumination, macular melanin presence, foveal avascular zone, and annular reflex were 

recorded in 14 patients with albinism. Spectral-domain optical coherence tomography provided 

macular images.

 Results—The clinical phenotype was broad, with BCVA varying from 20/20 to 20/100. Better 

BCVA was associated with a preserved foveal avascular zone, annular macular reflex, stereoacuity, 

and macular melanin. Imaging demonstrated a continuum of foveal development correlating with 

BCVA. Individuals with a rudimentary pit had normal inner and outer segment lengthening and 

better BCVA.

 Conclusions—The spectrum of ocular structure and visual function in albinism is broad, 

suggesting a possible diagnosis of albinism in a patient with an even more normal clinical 

presentation.

 INTRODUCTION

Albinism, an inherited disorder of melanin biosynthesis, produces a variable phenotype, 

classified according to the mutation(s) on a gene known to cause albinism. Those born with 

white hair have oculocutaneous albinism type 1 (OCA1), with mutation(s) in the TYR 
(Tyrosinase) gene on chromosome 11q14-q21.1 Some never develop any melanin pigment 

(OCA1A; MIM #2031100), and others develop melanin pigment in their hair, skin, 

eyelashes, and eyes (OCA1B; MIM #606952). Mutations in the 0CA2 gene on chromosome 

Correspondence: C. Gail Summers, MD, Minnesota Lions Children’s Eye Clinic, 701 25th Ave. S., #300, Minneapolis, MN 55454. E-
mail: summe00l@umn.edu. 

The authors have no financial or proprietary interest in the materials presented herein.

HHS Public Access
Author manuscript
J Pediatr Ophthalmol Strabismus. Author manuscript; available in PMC 2016 July 18.

Published in final edited form as:
J Pediatr Ophthalmol Strabismus. 2015 ; 52(3): 167–172. doi:10.3928/01913913-20150427-06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15ql2-ql3 cause OCA2 (MIM #203200).2 More unusual types of albinism, including OCA3 

and OCA4,3 have been described and, to date, three additional types of OCA have been 

reported but remain incompletely described.4–6 OCA3 (MIM #203290) occurs with 

mutations on the TYRP1 gene (encoding tyrosinase-related protein 1) and is often 

characterized by a milder phenotype with nearly normal hair and skin pigmentation relative 

to OCA1 and OCA2,7 whereas OCA4 (MIM #606574) is caused by SLC45A2 mutations 

and demonstrates a variable phenotype spanning the entire spectrum of hair and iris color 

permutations.8 Finally, OCA is rarely associated with syndromes that necessitate systemic 

evaluation, including Chediak–Higashi and Hermansky–Pudlak syndromes.9,10

All types of OCA have autosomal recessive inheritance. Males with normal cutaneous and 

hair pigment but the ocular features of albinism have mutations in the GPR143 gene at 

Xp22.2; ocular albinism (OA1; MIM #300500) is as an X-linked disorder. Others with the 

appearance of ocular albinism have been found to have mutations in one of the genes 

causing OCA, indicating that skin pigmentation deficiencies in OCA can at times be 

subtle.10,11

The phenotypic spectrum associated with albinism continues to expand, with recent studies 

highlighting more atypical features.8,12–17 Creel et al.18 used visual evoked potentials and 

others have used functional magnetic resonance imaging19 to show excessive retinostriate 

decussation in albinism.20 Most individuals with albinism have a positive angle kappa.21 

The ocular features in albinism vary, but some degree of foveal hypoplasia is constant. 

Optical coherence tomography (OCT) has shown both an absent and present foveal 

depression.22–26 Additionally, adaptive optics imaging has been used to look at foveal cone 

packing and has demonstrated that peak foveal cone density can be variable in albinism, and 

has also shown that normal cone packing can occur even in the absence of a foveal pit.26,27

Although arrested foveal development is considered a classic finding in albinism, both 

clinical and imaging studies have described some individuals with rudimentary foveal 

development,13,15,17 indicating that foveal hypoplasia (or fovea plana) may not be sufficient 

to describe macular anatomy in all individuals. In this study, we sought to examine clinical 

correlates that may be related to foveal development in albinism.23 The overarching goal 

was to qualitatively describe the phenotypic spectrum of albinism, rather than provide a 

formal, large cross-sectional analysis of albinism subtypes.

 PATIENTS AND METHODS

This study was approved by the Institutional Review Boards at the University of Minnesota, 

the Medical College of Wisconsin, and the Marshfield Clinic, and was compliant with the 

Health Information Portability and Accountability Act. Fourteen white patients with a 

diagnosis of albinism were examined by a pediatric ophthalmologist and geneticist at the 

University of Minnesota. The parents/patients consented to imaging at the Medical College 

of Wisconsin. The monocular spectral-domain OCT (SD-OCT) imaging results of six 

patients (JC103, JC0125, AD0063, JC0170, JC0131, and JC0140) were previously 

published.23 We prospectively examined the clinical features of these six patients and eight 
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additional patients who also had SD-OCT imaging to further understand the effect of foveal 

morphology on visual function over a broad spectrum of albinism.

Initial diagnosis of albinism was based on several factors, but all individuals had to have 

evidence of hypopigmentation of the retina and underdevelopment of the fovea. History 

included family history of albinism, ancestry, hair color at birth, ability to suntan, 

photosensitivity and methods to alleviate it, and age at which prescription glasses wear was 

initiated. Color of hair, eyelashes, and iris were noted. We recorded features associated with 

albinism: nystagmus, grade of macular transparency,28 presence or absence of macular 

melanin pigment in the retinal pigment epithelium (RPE),13,16 an annular reflex and/or a 

foveal avascular zone, grade of iris transillumination,28 stereopsis, strabismus, and angle 

kappa. Procedures are described below.

Blood was drawn for molecular DNA analysis on all patients. Based on phenotype, patients 

were evaluated for mutations in TYR, OCA2, TYRP1, SLC45A2 (OCA1, 2, 3, and 4, 

respectively), and/or GPR143 (OA1) genes by Sanger sequencing, as previously 

described.29–32 Patients of possible African descent were screened for the 2.7 kb P gene 

deletion.33 DNA sequences were aligned and analyzed for mutations using DNASTAR 

Lasergene software (DNASTAR Inc., Madison, WI). Identified mutations were compared to 

the Albinism database (http://www.ifpcs.org/albinism/index) to determine novelty.

Monocular and binocular best-corrected visual acuity (BCVA) was measured with linear 

letters at 20 feet (M & S Technologies, Niles, IL). Preferred head posture was allowed. 

Monocular testing used a fogging technique. Stereoacuity was assessed with the Titmus 

vectograph (Stereo Optical Co., Inc., Chicago, IL). A positive angle kappa (measured in 

millimeters of nasal displacement of the light reflex) was noted with the subject fixing 

monocularly on a penlight. Prism and alternate cover test determined binocular alignment at 

20 feet. Type of nystagmus was recorded; when absent, reassessment with slit-lamp 

biomicroscopy and direct ophthalmoscopy ensured its absence. Iris transillumination was 

graded with slit-lamp biomicroscopy (grade 1 represents punctuate transillumination; grade 

4 is complete iris transillumination [ie, no iris pigment]).28 Dilation and cycloplegia were 

obtained with phenylephrine 2.5% and tropicamide 1%, with streak retinoscopy and 

refinement 20 minutes later. Macular transparency was graded (choroidal vessels easily 

visible in grade 1; no choroidal vessels visible in grade 3).28 Presence or absence of granular 

melanin pigment in the macula was determined with direct ophthalmoscopy. The macular 

vascular pattern was evaluated for normal vascular wreathing and a foveal avascular zone 

with 30° fundus photographs (Zeiss FF4 fundus camera; Carl Zeiss, Jena, Germany). A 

rudimentary annular reflex in the macula was assessed with binocular indirect 

ophthalmoscopy and a 20-diopter (D) condensing lens, facilitated by slightly rocking the 

lens. Patients with a milder phenotype underwent visual evoked potential testing to detect 

retinostriate misrouting, using a technique described by Creel et al.34 The presence of 

retinostriate misrouting is useful in clinching the diagnosis of albinism when it is uncertain 

by clinical examination.

Several SD-OCT images were acquired for each patient due to nystagmus. Volumetric scans 

were repeated for determination of preferred retinal locus of fixation, and until a scan with 
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relatively low motion distortion at the expected fovea was obtained. Line scans were 

registered and averaged to reduce speckle noise in the image prior to analysis. SD-OCT 

imaging parameters included presence or absence of a foveal pit, doming of the fovea 

(elevation around the intended area of a fovea with visible central depression), determination 

of preferred retinal locus with replicate SD-OCT imaging, retinal thickness (from the central 

subfield, as defined by Early Treatment of Diabetic Retinopathy Study [ETDRS], at the 

expected fovea), and photoreceptor inner and outer segment lengthening, measured as the 

relative inner or outer segment length at the fovea compared to that at 1.75 mm from the 

foveal center. Several points were considered to assign the preferred retinal locus compared 

to individuals without albinism.23,35 Normal inner segment/outer segment length was 

defined as a ratio within two standard deviations of the normal mean.23

 RESULTS

Details of the history and clinical examination are in Table A (available in the online version 

of the article), with patients listed from better binocular BCVA to relatively worse BCVA. 

Figure 1 shows the spectrum of foveal morphology in this study. Binocular BCVA ranged 

from 20/20- to 20/80 and BCVA of the imaged eye from 20/20- to 20/100. Five patients had 

granular melanin pigment in the macula and all of these had BVCA of 20/40 or better. 

Additionally, four patients with macular melanin pigmentation had a foveal avascular zone 

and three possessed a rudimentary annular reflex. More iris pigment was found in these 

individuals and four of the five had stereoacuity. Three patients had granular macular 

pigmentation and normal inner and outer segment lengths and an indistinct foveal pit, 

suggesting that these findings are associated with less arrest in foveal development. 

Additional imaging results23 showed that neither retinal thickness nor axial length correlated 

with BCVA. As expected, longer axial length was associated with myopia, whereas shorter 

axial length was associated with hyperopia. All 14 patients had a positive angle kappa 

value.21 Eight had a temporal preferred retinal locus for fixation (based on imaging), 

consistent with their positive angle kappa value. Patients with the worst BCVA had a larger 

positive angle kappa value than those with better acuity, but a temporal preferred retinal 

locus alone was not consistently associated with reduced BCVA. The preferred retinal locus 

had some variability during SD-OCT imaging. Four of the six patients with BCVA of 20/40 

or better lacked nystagmus; the 10 remaining patients all demonstrated some type of 

nystagmus.

Molecular analysis was completed for all 14 patients. Five patients with OCA1A or OCA1B 

had TYR mutations, three had GPR143 mutations (consistent with their diagnosis of OA1), 

two had 0CA2 c.2228C mutations, one had a different variant OCA2 mutation, and one had 

a mutation of the SLC45A2 transporter protein known to cause OCA4. No mutations were 

found in the remaining two patients. In this study, we identified four novel mutations 

(GPR143 c.797, GPR143 c.933, SLC45A2 c.264, and SLC45A2 c.1417) in three different 

patients.
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 DISCUSSION

Foveal hypoplasia (ie, absence of a foveal pit) is commonly thought to be an inevitable 

finding in albinism. However, the imaging results reported here, in addition to the clinical 

findings of the 14 patients included in this report, indicate that some individuals with 

albinism have rudimentary foveal development and that this is associated with relatively 

better BCVA than those without any foveal development, consistent with previous 

findings.25 The ophthalmoscopic appearance of the fovea may include a macular annular 

reflex even though a foveal pit is missing. Other associated clinical findings that seem to be 

associated with better BCVA include the presence of stereoacuity, a mildly positive angle 

kappa value, a moderate amount of iris pigment, and macular melanin pigment in the RPE. 

Therefore, the spectrum of structural and visual findings in albinism appears to be greater 

than commonly thought. We have shown that precise documentation of ocular structure 

allows correlation with visual function. The results of this study alert the clinician to 

consider a diagnosis of albinism in an individual with relatively good BCVA, measurable 

stereoacuity, macular melanin pigment, no nystagmus, and rudimentary foveal development 

who might not have been previously diagnosed as having albinism.

Determining the type of albinism with only history and examination is possible for some 

types of albinism (eg, an individual with longstanding white hair and eyelashes, absence of 

suntanning, and full iris transillumination has OCA1A), whereas a male with the ocular 

findings of albinism and pigmentary mosaicism in his mother has OA1. Determining the 

type of albinism in other individuals often requires molecular testing. We found mutations in 

12 of 14 patients tested. Interestingly, patient JC0131 reported white hair at birth, suggesting 

OCA1, but actually had OCA2 with genetic evaluation. When molecular analysis is 

negative, the diagnosis can be made clinically, based on ocular (and often skin and hair) 

hypopigmentation, an underdeveloped fovea, and misrouting of the retinostriate fibers 

detected with a visual evoked potential, as was done in two of our patients who had 

relatively better BCVA. Undetectable mutations or detection of only one mutation in 

albinism has been reported by others.3,36–38 Although a limited sample size, the patients 

described herein exhibited the phenotypic breadth of clinical and imaging variability in 

albinism. Ten of the 14 patients had some degree of horizontal nystagmus, consistent with 

data that nystagmus is present in most patients with albinism, regardless of type.3 The four 

patients lacking nystagmus all had BCVA of 20/40 better, demonstrating a possible marker 

of a more subtle phenotype. All patients in this study had a positive angle kappa value, as 

previously reported.21 In this study, we show that it appears that a more positive angle kappa 

value is present in those with more reduced BCVA, recognizing that the assessment of a 

positive angle kappa value is not precise. Stereoacuity, present in five patients, correlated 

positively with better BCVA and reduced iris transillumination, confirming an earlier 

study.13

Emmetropization, the developmental balance of anterior segment refraction with axial length 

to produce an ocular system that perfectly focuses light rays on the retina, has been 

described to be impaired in animals with albinism.39,40 This was classically assumed to be 

primarily due to foveal hypoplasia; however, these studies pointed to the importance of the 

other ocular features (eg, RPE functional abnormalities) during emmetropization. 
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Additionally, a higher amount of astigmatism occurs in albinism, associated with decreased 

emmetropization during the years of ocular development.41 The current study was unable to 

correlate the size of refractive error with BCVA. In our study, seven of the patients had 

hyperopia, generally associated with shorter axial lengths, and the others had myopia and 

longer axial lengths. With-the-rule astigmatism was common, and was even present in many 

of the individuals with almost normal vision. Corrective lenses during childhood results in 

improved BCVA in those with albinism.42 Our patients began wearing glasses in childhood, 

although earlier age of beginning wear did not correlate with better visual acuity outcomes 

or decreased refractive errors.

A spectrum of BCVA and clinical and imaging features in individuals with albinism is 

reported here, but a larger sample size would help to confirm the trends suggested by our 14 

patients. Our results showed that retinal thickness does not correlate with BCVA, similar to 

normal individuals,43 and that gender did not appear to have a meaningful association with 

retinal thickness or pit depth, in contrast to normal individuals.44 One final limitation of our 

study is that it lacked ethnic variability, because all patients were white with Western 

European ancestry. Moving forward, a larger sample size will be essential to elicit the 

interplay among shared familial genes, specific mutations, age, gender, and other factors in 

determining the morphological and functional outcomes in individuals with albinism. Such 

could have a strong impact on our ability to predict visual outcomes and viable treatment 

options for patients.

The clinical and imaging features noted in this study define the spectrum of albinism. A 

large cross-sectional study to demonstrate genotype-phenotype correlations would be of 

great utility in further defining this spectrum. Identifying the clinical and imaging findings 

determinant of visual outcomes holds important implications in the future for patients and 

their families dealing with a new diagnosis of albinism. As we continue to improve our 

ability to predict ocular developmental outcomes in this population and to clinically identify 

those less severely affected with albinism, patients may be able to be diagnosed earlier and 

counseled more thoroughly on what they can expect in the years to come.
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Figure 1. 
(A,C,E,G) Linear spectral-domain optical coherence tomography scans at the expected fovea 

(Bioptigen, Research Triangle Park, NC). (B,D,F,H) Retinal thickness maps (Cirrus HD-

OCT; Carl Zeiss Meditec, Dublin, CA). (A,B) Normal foveal pit morphology includes 

doming of the retina with a deep depression at the point of cone outer segment elongation, 

indicating cone packing. (C,D) JC0103 lacks both the doming and depression of the retina at 

the expected fovea. (E,F) AD0063 is a representative subject with doming but no depression. 

(G,H) JC0131 demonstrates foveal morphology that includes both doming and a slight 

depression at the expected fovea. (Panels C–H were reprinted from McAllister JT, Dubis 
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