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Abstract
Purpose: To test the hypothesis that a systematic, combination treatment of patients with oculocutaneous albinism type 1 (OCA 1) results in improvement in 
multiple measures of visual and ocular motor function.

Methods: This is a prospective, interventional case series analysis of clinical and electrophyisological data before and after multimodal visual system therapy in 85 
patients with OCA 1 who had no previous treatment. Therapy included a three step approach after adaptation to spectacle correction: 1) extraocular muscle surgery, 
2) contact lens correction, 3) oral baclofen (LioresalR).  Outcome measures included: 1) routine demography and clinical characteristics, 2) binocular best-corrected 
visual acuity in the null position (BVA), 3) gaze dependent visual acuity (GDVA), 4) primary position strabismic deviation (SD), 5) anomalous head posture (AHP), 
6) contrast sensitivity function (CS), and 7) the expanded nystagmus acuity function (eNAFX). All patients were followed at least 12 months. Parametric and non-
parametric statistical analysis of outcome measure data above pre- and post-treatment were perfomed using standard software on grouped data using computerized 
software.  

Results:  Patient age ranged from 3.6 to 43.1 years (average 16 years).  63% were male.  Follow up ranged from 12-50 mos (ave 15.1 mos).  7% had an associated 
systemic diagnosis, 95% had a significant refractive error, 88% percent had an AHP, 36% had a periodic or aperiodic component to their nystagmus. 97% had 
strabismus.  There were no serious complications from surgery with a reoperation rate of 12%.  There were signficant post treatment improvements in mean/median 
group BVA, GDVA, SD, AHP, CS, and eNAFX.

Conclusion: This study supports the hypothesis that using a combination of standard optical, medical and surgical treatments in patients with OCA1 will result in 
improvements in multiple aspects of ocular motor and visual functions.

Synopsis: This study demonstrates how using a combination of 
standard medical, optical and surgical therapy results in improvements 
in ocular motor and visual functions in patients with OCA1.

Introduction
Oculocutaneous albinism (OCA) is a group of congenital, 

developmental disorders characterized by a partial or complete loss 
of melanin in the skin, hair and eyes. Defects in the genes associated 
with the melanin biosynthetic pathway are responsible, with four 
major types identified (OCA1A-B, 2, 3, and 4), along with several 
subtypes depending on the gene mutated [1].The prevalence of OCA1 
is estimated between 1/17,000 and 1/40,000 and in the United States 
but is as high as 1/5,000 in sub-Saharan Africa [1,2].  OCA is caused 
by mutations at the albino locus in the TYR gene, which codes for 
tyrosinase, the initial enzyme in the melanin synthesis cascade [1,2].  
OCA1 is divided into 2 types clinically: OCA 1A is characterized by 
a complete lack of tyrosinase activity and OCA 1B is characterized by 
reduced tyrosinase activity [1,2]. In addition to their skin, hair and 
eye pigmentation deficits, patients with albinism have abnormalities 
of visual system development including; low visual acuity, severe 
ametropia, photophobia, light interference, amblyopia, nystagmus, 
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strabismus, poor stereopsis and retinal, optic nerve, chiasmal and post-
chiasmal maldevelopment [3-5]. 

In albino animal models, three main visual system cellular 
disorders have been identified: a reduction in the number of rod 
photoreceptors, underdevelopment of retinal specialization and 
a misrouting of temporal retinal ganglion cell axons [5,6].  While 
the precise role of tyrosinase during each phase of visual system 
development is incomplete, experiments to determine the point in 
visual system development at which tyrosinase exerts its effects have 
been elucidated in animal models [2,6,7]. To ensure that ganglion 
cells project to the dorsal lateral geniculate body on the appropriate 
side of the brain, tyrosinase activity may be required during any or all 
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phases of retinogeniculate pathway development [2,6,7]. Tyrosinase 
malexpression has also been hypothesized to be causally related to 
visual system dysfunction by three mechanisms: 1)failure to commit 
ganglion cells produced from neuroblasts to ipsilateral or contralateral 
projections, 2) failure to ensure that neuroblasts properly divide and 
give rise to postmitotic cells, and 3) failure to ensure that cells die or 
are maintained appropriately during ganglion cell path finding [2,6,7].

Nearly all patients with OCA1 have infantile nystagmus syndrome 
(INS), an ocular motor disorder of unknown etiology that presents 
in early infancy.  Nystagmus associated with OCA has been classified 
in many ways, resulting in some confusion and disagreement among 
clinicians and scientists [8].  The National Eye Institute sponsored 
workshop, Classification of Eye Movement Abnormalities and 
Strabismus (CEMAS), has attempted to resolve some of the confusion 
with a publication that defines the various types of nystagmus 
associated with OCA [9].  The published definition of INS by the 
CEMAS working group is used in this study [9].  The major clinical 
characteristics of INS with variable association include: increased 
intensity with fixation, decreased intensity with sleep, variable intensity 
due to eye position in orbit or gaze (eccentric null position), changing 
direction in different positions of gaze (neutral positions), decreased 
intensity with convergence (damping), changing direction and/or 
intensity with monocular occlusion (“latent component”), anomalous 
head posturing, strabismus and dissociated horizontal and vertical 
deviations [8-10]. In addition to the above characteristics, up to 33% of 
patients with OCA1 and INS will have an inherent, rhythmic, periodic 
or (a)periodically changing nystagmus intensity and/or direction 
over time [11-14]. Most clinicians are familiar with this oscillation as 
acquired periodic alternating nystagmus (PAN).  Acquired PAN has a 
specific pattern identified by the presence of spontaneous nystagmus 
in the primary position, which beats horizontally in one direction for 1 
or 2 minutes, followed by a quiet period, and then reappearance of the 
nystagmus in the opposite direction for a similar length of time [15]. 
Acquired PAN is usually seen in association with vestibulo-cerebellar 
disease and neurodegenerative conditions such as Friedreich’s ataxia, 
or vision loss [15].  Infantile aperiodic alternating nystagmus (IAPAN) 
has all the characteristics of INS except that the nystagmus direction 
and/or intensity changes in an irregular pattern over time [16,17].  
IAPAN also has the clinical characteristics of a dynamic, anomalous 
head posture and dynamically changing visual functions both over 
time and as a function of gaze [16,17].  

Eye movements oscillations showing increasing velocity slow 
phases are pathognomonic in INS and will differentiate between 
acquired PAN and IAPAN.  In acquired PAN regular changes in 
intensity and direction are evident and predominantly jerk fast phases 
are associated with linear or minimally decreasing velocity slow phases.  
Eye movement recordings of patients with IAPAN will regularly or 
irregularly change in direction and/or intensity and beats of nystagmus 
will display one of several waveforms characteristic of INS along 
with their increasing velocity slow phases. Although neuroimaging is 
obtained in all cases of acquired PAN, it is not necessary in patients 
with IAPAN as there is no known associated central nervous system 
pathology. 

The anatomical and physiological consequences to the visual system 
include: iris, optic nerve and retinal maldevelopment, ametropia, 
strabismus, amblyopia, nystagmus, photophobia, light interference, 
periorbital skin malignancy, anomalous head positioning, decreased 
central visual acuity, decreased contrast sensitivity, and decreased gaze 
dependent visual acuity and visual recognition time [1,2,18,19].  The 

visual and facial characteristics have been shown to contribute to more 
broad psychosocial effects such as decreased eye contact, poor self-
esteem and confidence and, in some cultures, a risk of dismemberment 
or death [20].

Two broad areas of visual system treatment in patients with 
albinism include treating their ametropia and ocular motor 
dysfunctions [21,22]. Common standard visual system treatment 
of patients with OCA 1 includes, correction of refractive errors with 
spectacles, treatment of amblyopia, eye muscle surgery for strabismus, 
low vision devices, sunglasses and skin protection [21,22].  Although 
treatment of refractive error is standard of care, the use of devices such 
as specialized contact lenses is often not included.  Likewise, treatment 
of strabismus and amblyopia is common, but associated treatment of 
nystagmus and its consequences are rare.

This report details the outcome of a combination 3-step approach to 
the treatment of patients with OCA1 after baseline spectacle correction.  
These steps included eye muscle surgery, peripherally painted contact 
lenses and oral Baclofen (LioresalR). Each treatment was indicated for 
a specific set of visual system abnormalities charactersitic of patients 
with OCA1. 

Methods
All testing, data collection, analysis and reporting were approved 

by the Institutional Review Board of Akron Children’s Hospital, 
Akron, OH USA and The Children’s Hospital of Pittsburgh of UPMC, 
Pittsburgh, PA USA.  All procedures observed the declaration of 
Helsinki and informed consent/assent was obtained from all patients/
parents.  Inclusion criteria for patients with OCA1 included: congenital 
severe hypopigmentation of hair, skin, nails, choroid and retinal 
pigment epithelium, iris transillumination, foveal hypoplasia, and 
INS (diagnosed by eye movement recordings), no prior treatment 
other than spectacles and not taking any medications known to affect 
the ocular motor system.  Exclusion criteria included those patients 
with syndromic albinism (except Hermansky-Pudlak Syndrome, mild 
developmental delay, or associated Septo-Optic Dysplasia).  Patients 
in whom there were incomplete data or follow up less than 12 months 
were excluded from this report. 

Interventions

1st Intervention - Spectacle Therapy – Baseline visual function: The 
first step of intervention was to prescribe spectacle optical correction. 
Many patients presented either for the first time or for another 
treatment opinion who were not already in spectacles.  The spectacles 
prescribed fully corrected myopia > 0.75 diopters, astigmatism > 1.50 
diopters and anisometropia > 1.00 diopters and either fully corrected 
or symmetrically under-corrected (by up to 1.50 D) hyperopia of  > 
+3.50 D (spherical equivalent).  Spectacle-corrected distance visual 
acuity was measured at 3M in the patients’ habitual head position using 
the amblyopia treatment study (ATS) HOTV protocol for patients < 
7 years and the ATS ETDRS protocol for patients > 7 years of age at 
least every 4 (+1) weeks after spectacle wear until acuity remained at 
within 1 line from the prior visit [23]. The visit at which visual acuity 
remained stable became the baseline for all further measurements. All 
subsequent measures of visual acuity described below were obtained 
using the age-appropriate ATS protocol.  

2nd Intervention - Eye muscle surgery: The goals of eye muscle 
surgery were to simultaneously treat combinations of the patient’s 
strabismus, anomalous head posture and nystagmus with one 
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operation.  Standard methods of preoperative evaluation, anesthesia 
and fornix based eye muscle surgery were employed in the surgical 
treatment of all patients.  The exact surgical procedure for each patient 
was based on the surgeon’s clinical experience and published reports 
detailing those used in the treatment of strabismus, anomalous head 
posture, and nystagmus [24].  The surgical procedures are outlined 
in table 1. 

3rd Intervention - Contact lenses: All patients were fit with daily 
wear contact lenses.  The use of contact lenses in the OCA1 population 
included the following goals: total refractive error correction, treatment 
of photophobia (pain from light) and light interference (disturbance in 
acuity or contrast sensitivity due to light), the allowance of some residual 
head posture unobstructed by an eyeglass frame or lens aberrations/
prismatic effects and improving their nystagmus characteristics [25].   
Contact lens fitting was accomplished by an optometrist familiar with 
the evaluation and management of contact lenses for routine and 
special medical use (e.g. tinting and peripherally painting lenses). 

3rd Intervention - Oral Baclofen (LioresalR): Patients with OCA1 
who had IAPAN on eye movement recordings were prescribed 
Baclofen (LioresalR).  Baclofen was prescribed orally based on total 
body mass index as recommended by previous studies, but in general 
doses of 5 mg TID for patients under 10 years of age, 10 mg TID for 
patients between 10-15 years of age, and 20 mg TID for those patients 
over 15 years of age were prescribed. 

Outcome variables

Measures prospectively analyzed for this study included: 1) routine 
demography and clinical characteristics, 2) binocular best-corrected 
visual acuity in the null position (BVA), 3) best gaze dependent visual 
acuity (GDVA), 4) primary position strabismic deviation (SD), 5) 
anomalous head posture (AHP), 6) contrast sensitivity function (CS), 
and 7) the expanded nystagmus acuity function (eNAFX). All patients 
were followed at least 12 months. Standard clinical monitoring of 
surgical and contact lens complications and side effects of baclofen 
were performed.  While all clinical measures were obtained after 
each treatment modality, the reported post-treatment measures were 
obtained 2-6 months after each patient’s final treatment. 

Clinical and ocular motor evaluation

Demographic and clinical data reported in this series includes: 
age, sex, AHP, ocular alignment, presence of PAN, IAPAN, associated 
systemic diseases and refractive error.  Ocular motor examination 
included a determination of heterophoria/tropia at distance (> 3 m) and 
near (33 cm) in all diagnostic positions of gaze.  Cycloplegic refraction, 
tonometry, and examination of the anterior and posterior segments 
were performed on all patients. Clinical evaluation of the ocular motor 
oscillations included changes in the oscillation in primary position, 
at near, in all nine diagnostic positions of gaze, under monocular 
and binocular conditions and over time (~5 minutes).  As part of our 
routine evaluation of these patients, fundus photographs and visual 
evoked potential testing was performed (Table 2 and Figures 1,2).

Visual acuity testing at the null position

Best visual acuity was measured by a technician trained to perform 
the ATS visual acuity protocols and they were also masked to treatment 
status.  Visual acuity (VA) testing was performed with the patient’s full 
optical correction in place using the ATS protocol described above 
[26]. Measurements of best visual acuity (BVA) were obtained both 
binocularly and monocularly in the patient’s habitual head position. 

Gaze dependent visual acuity (GDVA) measurements

Binocular gaze dependent visual acuity (GDVA) was measured 
at 3 meters across the horizontal visual field from -20° (left) to +20° 
(right) in 5° steps (Figure 3) while the patients wore a Cervical Range of 
Motion device (CROMR) (Figure 4) or a laser assisted 3-Dimensional 
laser system [27-29].  The CROMR device consists of two gravity-
dependent goniometers and one compass dial on a head-mounted 
frame allowing measurement of ROM in three planes to ensure that 
the precision of head position was consistent for GDVA measures at 
baseline and the post-treatment visit [30]. All visual acuity measures 
were converted from Snellen equivalent to logMAR. The change in 
GDVA was analyzed by performing an area under the curve (AUC) 
analysis (calculated by integration in Matlab (2014b)) whereby the 
AUC from each patient represents a spatial area, horizontally between 
+/- 20 degrees, where their potential best-corrected vision as a function 
of gaze differs from normal.  The AUC represents the patient’s potential 
for improved functional vision space.  

Eccentric null zone and abnormal head posture (AHP)  

An additional visual acuity measure was obtained to determine the 
BVA at the patient’s null position in their AHP.  The head position 
required for the patient to obtain their best acuity is recorded from the 
CROMR device. 

Eye movement recordings

All patients had eye movement recordings.  The presentation of 
stimuli, and the acquisition, display and storage of data were controlled 
by a series of computers using standard MicrosoftR and MatlabR 
software.  The horizontal and vertical eye movement recordings 
were made using the EyelinkR remote video eye movement system 
(EyelinkR, SR Research Ltd., Mississauga, Ontario, Canada) with a data 
sampling rate of 500-1000 Hz.  The signals were calibrated (using the 
end of the fast phase during the nystagmus cycle) at the beginning of 
the recording session using 3-degree stationary, non accommodative 
targets presented on a screen at a distance of 1.5 meter from the patient.  
Calibration was accomplished monocularly, both on line and later by 
MatlabR computer program.  Fixation was clinically supervised between 

OPERATION TYPE (85 PATIENTS) # (%)
Operation 1 – Horizontal Head Posture Alone
Horizontal Rectus Recess and Resect or Recess and Tenotomy + Reattach 5 (6)

Operation 2 - Chin Down Head Posture (+/- Strabismus)
Superior Rectus Recess 5.0 mm + Inferior Oblique Myectomy 54 (64)

Operation 3 - Strabismus Alone
Primary Position Deviation Using at Least Two Recti Each Eye 10 (11)

Operation 4 – Horizontal Head Posture + Strabismus
Fixing Eye Straightens Head + Non-fixing Eye Straightens Eyes 10 (11)

Operation 5 - Chin Up Head Posture (+/- Strabismus)
Inferior Rectus Recess 5.0 mm + Superior Oblique Tenectomy 5.0 mm  5 (6)

Operation 6 - No Head Posture, Strabismus or Vergence Damping
Horizontal Rectus Tenotomy + Reattach  0 (0)

Operation 7 - Multiplanar Head Posture (+/- Strabismus)
Transposition of Recti + Combinations of Oblique or Recti Recess 1 (2)

Operation 8 - Vergence Damping Alone (Artificial Divergence)
Medical Rectus Recess 3.0 mm + Lateral Rectus Tenotomy + Reattach 0 (0)

Operation 9 - Torsional Head Posture Alone
Horizontal Transposition of Vertical Recti 1 Tendon Width 0 (0)

These 9 operations describe a methodological approach to eye muscle surgery on patients 
with infantile nystagmus syndrome and are based on multiple, previous publications.  # = 
number of patients, (%) = percentage of patients, mm = millimeters, reattch = reattachment 
of muscle at original insertion with no recession or resection.

Table 1. Percentage Of Patients Who Had Each one of Operations 1-9.
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PT# Age AHP STRAB (A)PAN SX DX Refractive Error
1 43.1 ALT-DWN XT-HT YES NONE (+3.00 +2.50 x 90 OU)
2 17 RF ET NO NONE (+4.00+.75 x 75OD, x 100 OS)
3 6 ALT-DWN ET YES DD/GH Def (+3.00 +4.50 x 90 OU)
4 8.1 DWN ET NO SOD (+.50 +3.75 x 90 OU)
5 6.7 LF XT NO NONE (+2.00 +4.00 X 120 OD and X 60 OS)
6 8.5 DWN ET NO DD (+2.00 OD, +2.75 OS)
7 7.5 DWN ET NO Sz D/O (+2.25 +2.75 x 90 OU)
8 16.6 DWN ET NO NONE (+2.00 +2.00 x 45 OD, x 135 OS)
9 42.3 DWN ET NO NONE (+75 +1.75 x 90 OU)
10 25.1 DWN ET NO SOD (-3.00 +1.50 x 90 OU)
11 41.2 DWN ET NO NONE (+3.00+3.50 x 90 OD, +2.00+2.75 x 90 OS)
12 11.2 DWN ET NO NONE (+3.00 OU)
13 17 LF ET YES NONE (+3.00 +4.50 x 90 OU)
14 12.1 DWN NONE NO NONE (+1.50 +2.50 x 90 OU)
15 59.2 DWN XT NO DD (-4.00 +2.50 x 150 OD, -4.00 +1.25 x 65 OS)
16 27.4 DWN XT NO NONE (-5.00 +.75 x 90 OD)
17 34.7 UP NONE NO NONE (-4.00 +0.75 x 180 OD, -4.75 +1.00 x 180 OS)
18 31.5 DWN XT YES NONE (PL +4.50 x 90 OD, PL +5.00 x 90 OS)
19 38 LF ET YES NONE (-1.00 +4.50 x 45, -.75 +3.00 x 135 OS)
20 42.7 LF XT YES NONE (-1.00 +2.00 x 90 OU)
21 31 ALT-DWN ET YES SOD (+3.00 +6.50 x 45 OD, x 135 OS)
22 6.5 RF ET YES NONE (PL +5.50 x90 OU)
23 27.2 NONE ET NO NONE (-5.00 + 1.00 x 135 OD, x 45 OS)
24 3.1 DWN ET YES NONE (+2.50 +4.50 x 125 OD, x 60 OS)
25 16.8 DWN ET NO NONE (-7.50 +2.25 x 90 OU)
26 38.6 ALT-DWN ET YES HPS (+1.00 +3.75 x 60 OD, x 120 OS)
27 7.2 LF ET NO NONE (+4.50 +1.25 x 90 OD, x 135 OS)
28 18 RF ET NO NONE (+3.00 +3.00 x 90 OD, +3.75 +4.00 x 135 OS)
29 3.3 DWN XT NO NONE (-4.75 OU)
30 10.2 ALT-DWN XT YES DD (-7.50 +1.00 x 90 OU)
31 4.1 DWN XT NO NONE (+5.75 OD, +5.00 OS)
32 13 DWN XT NO NONE (-8.50 +2.50 x 90 OU)
33 3.7 DWN XT NO NONE (-3.50 +4.50 x 110 OD, x 70 OS)
34 33 DWN ET NO NONE (+1.25 +4.25 x 90 OU)
35 4.5 DWN ET NO NONE (-2.00 +4.00 x 45 OD, -2.25 +3.25 x 110 OS)
36 13 UP ET NO NONE (+2.25 OU)
37 15 DWN ET YES HPS (-1.50 +4.00 x 90 OD, x 120 OS)
38 6 DWN ET NO NONE (-5.00 +3.50 x120 OD, -4.00 +4.00 x 60 OS)
39 17 NONE ET NO NONE (+2.75 OU)
40 4 LF ET-HT YES NONE (-.50 +1.75 x 175 OD, x 10 OS)
41 5 DWN ET NO NONE (-.75 +2.50 x 140 OD, -1.00 +3.00 x100 OS)
42 11 DWN ET YES NONE (+5.50 +2.00 x 90 OD, +5.75 +2.00 x 10 OS)
43 8.5 ALT-DWN ET YES NONE (+ 2.00 +1.00 x 90 OU)
44 15 DWN ET YES NONE (-5.00 +4.00 x 135 OD, x 85 OS)
45 10 DWN ET NO CEREB (-3.00 +.75 x 85 OD,-4.50 +1.00 x 100 OS)
46 6.5 UP ET NO NONE (+2.00+2.50 x 90 OU)
PT Age AHP STRAB (A)PAN SX DX Refractive Error
47 7 ALT-DWN ET YES NONE (+.75 +2.75 x 90 OU)
48 9.5 DWN ET YES NONE (+4.00 +1.00 x 90 OD, +3.00 +.50 x 90 OS)
49 5 NONE ET NO NONE (-4.00 +3.00 x 90 OU)
50 8.3 LF ET YES DD (-.75 +.75 x 160 OD, x 20 OS)
51 12.5 NONE ET NO NONE (-.50 +2.50 x 90 OU)
52 8.5 UP ET YES NONE (+6.50 OD, +1.75 +1.75 x 140 OS)
53 8.5 RF XT-HT NO NONE (+6.25 +1.25 x 90 OD, x 100 OS)
54 8.5 NONE ET YES NONE (-2.00 +4.50 x 45 OD, x 135 OS)
55 3.5 DWN ET YES NONE (-2.50 +2.50 x 90 OD, PL +1.00 x 90 OS)
56 5.4 DWN ET NO NONE (-1.25 +2.75 x 45 OD, -2.50 +1.00 x135 OS)
57 30.4 UP ET NO NONE (+6.00 +1.75 x 105 OD, +5.75+1.75 x 90 OS)
58 7 LF ET NO NONE (-5.50 +1.75 80 OD, -4.75 +1.00 x 180 OS)
59 4 ALT-DWN XT YES SOD (-5.00 +2.00 x90 OU)

Table 2. Clinical Characteristics Of 85 Patients With OCA1.
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Figure 1. Ocular Findings in Patients with OCA1
Upper left photo shows total iris transillumination using slit lamp retro-illumination.  Other photos illustrate typical posterior and mid-peripheral fundus findings in one eye of one 
patient (lower left) and right and left eyes of 3 patients (upper, middle and lower right photos).  These include severe hypopigmentation of the retinal pigment epithelium, and choroid/
choriocapillaris as well as optic nerve and foveal maldevelopment.

60 3.4 DWN ET NO NONE (+2.50 +4.50 x 90 OU)
61 57 NONE ET NO NONE (+1.00 +4.00 x 45 OD, x 135 OS)
62 4.5 RF XT NO NONE (-5.00 +2.00 x 80 OD, -8.00 +3.00 x 75 OS)
63 47 ALT-DWN XT YES NONE (-4.50 +2.75 x 120 OD, _525 +3.25 x 60 OD)
64 35 DWN ET NO HPS (-3.25 +2.50 x 115 OD, -4.50 +1.75 x 110 OS)
65 16 DWN ET NO NONE (+4.50, OD +3.25 OS)
66 8.5 DWN ET-HT NO NONE (-4.00 +3.50 x 80 OD, -4.00 +4.00 x 90 OS)
67 14 DWN ET YES NONE (+6.75 +2.25 x 90 OU)
68 44 DWN ET NO SOD (-3.00 +1.00 x 185 OD, -3.50 +1.50 x 170 OS)
69 4 DWN ET NO NONE (-4.25 +3.25 x 60 OD, +2.75 +3.50 x 120 OS)
70 8 NONE XT-HT NO NONE (-2.50 +5.75 x 15 OD, -1.50 +6.00 x 125 OS)
71 42 NONE XT NO NONE (-3.00 +3.25 x 45 OD,  -3.50 +2.75 135 OS)
72 6.6 LF XT YES NONE (-1.00 +2.25 x 115 OD, -,25 +4.25 x 90 OS)
73 35 ALT-DWN ET YES NONE (-4.00 +3.00 x 120 OD, -2.50 +3.25 x 60 OS)
74 23 DWN ET NO NONE (-3.75 +4.00 x 90 OD, -3.25 +4.00 x 90 OS)
75 7.1 DWN ET YES HPS (+3.50 +4.75 x 70 OD, +3.75 +5.00 x 110 OS)
76 33.5 DWN ET-HT YES NONE (-12.00 +3.00 x 60 OD,  -16.00 +4.25 x 120 OS)
77 11 RF ET YES NONE (+6.50 +2.00 x 90 OD, +5.75 +1.75 x 90 OS)
78 8 NONE ET NO NONE (-8.50 +4.25 x 115 OD, -7.75 +3.50 x 110 OS)
79 4.5 NONE XT NO NONE (-4.00 +0.75 x 180 OD, -4.75 +1.00 x 180 OS)
80 3.6 DWN XT NO DD (+3.50 +4.75 x 70 OD, +3.75 +5.00 x 110 OS)
81 5.8 DWN XT NO NONE (-3.00 +2.00 x90 OU)
82 26 DWN ET NO NONE (PL +3.50 x 90 OD, +1.75 +3.00 x 90 OS)
83 13 UP ET NO NONE (+5.25 +1.25 x 90 OU)
84 11 DWN ET-HT NO NONE (-6.50 +1.00 x 45 OD, x 135 OS)
85 6.3 DWN XT-HT YES NONE (+2.00 +4.00 X 90 OU)

Clinical characteristics of 85 patients with OCA1.  PT = patient, Age = in years, AHP = anomalous head posture, STRAB = strabismus, (A)PAN = (a)periodic alternating infantile nystagmus, 
SXDX = systemic diagnosis, ALT = changing horizontal head posture associated with (A)PAN, DWN = down, RF = right face, LF = left face, XT = exotropia, ET = esotropia, HT = 
hypertropia, DD = developmental delay, GH Def = Growth Hormone Deficiency, SOD = septo-optic-dysplasia, Sz D/O = seizure disorder, HPS = Hermansky-Pudlak Syndrome, CEREB = 
cerebellar anomaly, OD = right eye, OS = left eye, OU = both eyes.
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Figure 2. Contact Lens Treatment of OCA1
The photo on the left illustrates the appearance of a peripherally painted contact lenses on 
both eyes of a patient with OCA1.  The photo on the upper right illustrates the appearance 
of the contact lens on the patient’s finger prior to eye instillation.  The photo on the lower 
right is an anterior segment slit lamp photo showing the contact lens in place.

Figure 3. Cervical Range of MotionR (CROMR) Device For Measurement of Head Position
Photo illustrating measurements of head posture used to collect both eccentric null 
zone position and gaze dependent visual acuity data.  A cervical range of motion device 
(CROMR) is place on the head prior to visual acuity testing.  The instrument ensures 
accurate determination of the head position both during routine binocular best corrected 
distance acuity testing (eccentric null zone position) and testing acuity as a function of gaze 
(gaze dependent visual acuity, GDVA). 

Figure 4. Measurement of Head and Eye Position for Gaze Dependent Visual Acuity 
(GDVA)
Cartoon showing demonstration of GDVA testing of eyes left 20 degrees by rotating head to 
the right 20 degrees guided by the CROMR mentioned above and in the text.

0 and 30° horizontally and 0 and 20° vertically, both in 5 degree steps 
with both eyes open then fixation at 0° with both eyes open for 5-10 
minutes (to rule out IAPAN.  The types of waveforms present were 
classified according the previously described waveforms associated 
with INS [31].

The expanded nystagmus acuity function (eNAFX)

The eNAFX yields, as a number, an indication of the quality of 
foveation and the potential visual acuity as if no other ocular or central 
nervous system deficits existed. These effects are restricted to slow eye 
movements (i.e., saccades are unaffected).  Foveation properties, rather 
than amplitude or frequency, play a key role in determining (potential) 
visual function in patients with infantile nystagmus syndrome [31-
33]. The eNAFX predicts the best-corrected visual acuity in subjects 
with nystagmus, based on objective measurement of their waveform 
characteristics during fixation of a small non-accommodative target. It 
combines the foveation time per cycle and the standard deviations of 
both eye position and velocity during target foveation into a function 
that is linearly proportional to best-possible visual acuity. Because of 
idiosyncratic variations in INS waveforms and their foveation periods, 
satisfaction of both position and velocity criteria are necessary to 
calculate the eNAFX values that can be reliably compared across 
subjects.  The eNAFX is not dependent on the methodology of data 
collection (e.g. infrared, video, or magnetic search coil), the type of 
nystagmus, or their particular nystagmus waveform.  To achieve 
this goal in a user-friendly method, an algorithm that automatically 
determines the number of foveation periods present in an interval 
of eye movement data (usually 2–5 s) was devised [31].  The interval 
used to calculate the eNAFX for this study was from the preferred eye, 
under binocular conditions, during which the patient was constantly 
fixating the target in their null zone. It cannot contain blinks (or other 
artifacts) nor periods of inattention. In order to approximate complete 
cycles, the interval began and ended at or before a foveating saccade.  
eNAFX and average foveation time were determined using MatlabR. 
The eNAFX values are between 0 and 1 with a value of 1 = 20/20 Snellen 
Acuity and a value of 0 = No Light Perception.

Fixation intervals under binocular conditions from the patient’s 
preferred eye, in their null zone, from each recording session were 
averaged and used for data analysis purposes.  All eye movement 
data were analyzed off line (manual selection of fixation periods with 
computer assisted eNAFX calculation requires about 10-15 minutes 
per eNAFX number/patient).  Mathematical and statistical analysis 
was done using standard statistical software as part of Excel software 
program (MicrosoftR) on a computer spreadsheet.

Contrast sensitivity testing (CS)

CS was measured using the CSV-1000ER sine wave grating test 
face (Vector VisionR) (Figure 5) with the patient seated 2.5 M from 
the chart.  This test provides for four rows of sine wave gratings. At the 
recommended test distance, these gratings test spatial frequencies of 
3, 6, 12 and 18 cycles/degree (cpd).   Testing at all spatial frequencies 
was administered under monocular and binocular conditions after 
the patient had adapted to room luminance (85.0 candelas/meter2) 
for 5 minutes.  The patient’s refractive correction was in place while 
allowing use of any anomalous head posture necessary to position their 
gaze in their null zone. CS values were documented in log units (LU). 
Sensitivity levels at each frequency ranged from 0.70 to 2.08 LU for 3 
cpd, 0.91 to 2.29 LU for 6 cpd, 0.61 to 1.99 LU for 12 cpd and 0.17 to 
1.55 LU for 18 cpd.  The console of the contrast sensitivity measuring 
unit provides internal fluorescent luminance calibrated to 85 cd/m2 
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for 0.1 log unit instrument light level [34]. The luminance levels were 
measured with a luminance meter34. While reading across the row, the 
patient was asked to indicate whether the gratings were visible on the 
top row or the bottom row at each frequency. If the grating was not 
visible in either patch, the patient’s response was recorded as “both 
blank.” The results of the patient’s first attempt were considered a trial 
and the values recorded at the second attempt were used as the CS 
measurement. The contrast level of the last correct response was taken 
as the CS threshold. 

Statistical analysis

A paired t-test was used to determine the difference between 
baseline (after adaptation to spectacles) and post treatment (2-6 months 
after final treatment) group means for BVA, UAC for GDVA, CS and 
eNAFX.  All reported p values are two-sided using a significance level 
of p<0.05. Group mean analysis of baseline and post treatment AHP 
was accomplished using a Fisher’s exact test.  Analyses were conducted 
using GB-STAT version 10 (Dynamic Microsystems, IncR, 2004). Data 
analysis for the GDVA data was performed using Stata® version 12.1.

Results
Patient characteristics

Of 1,923 patients with infantile nystagmus syndrome evaluated 
between the years 2010-2015, 85 patients with OCA1 are the subjects 
of this study and ranged in age from 3.6 to 43.1 years (average 16 years).  
13% were under 5 yrs, 42% under 10 yrs, 62% under 20 yrs, 79% under 
30 yrs and 21% over 30 yrs of age.  63% were male.  Follow up after 
final treatment ranged from 12-50 mos (ave 15.1 mos).  7% of the 
patients had an associated systemic diagnosis, e.g., Hermansky-Pudlak 
syndrome, developmental delay, or septo-optic dysplasia. 88% percent 
had an AHP.  The AHP was predominantly chin down in 63%, however 
15% had a horizontal face turn and 6% had chin up posture while 64% 
had a multiplanar component to their AHP (Figure 6).  36% of patients 
had a periodic or aperiodic component to their nystagmus. 97% of patients 
had strabismus, 67% of which had esotropia, 21% had exotropia, 9% had 
a mulitplanar deviation and 3% had no strabismus.  95% had a significant 
refractive error (> +3.5 sphere, -1.0 sphere, +1.5 cylinder or 1.5 diopters of 
anisometropia in any meridian) (Figures 1,2 and Table 2). 

Surgery

The method used to approach surgery on the extraocular muscles 
of both eyes is represented in Table 1 [24,35,36].  In those who had 
strabismus surgery, 6% had operation 1, 64% had operation 2, 11% had 
operation 3, 11% had operation 4, 6% had operation 5, 0% had operation 
6, 2% had operation 7, 0% had operation 8 and 0% had operation 
9.   The goals of surgery were to treat combinations of the patient’s 
strabismus, anomalous head posture and nystagmus.  No patients 
with fusion prior to surgery lost fusion after surgery. In those patients 
whose plan included treating an AHP there was a bilateral symmetric 
minimal limitation of gaze (about 10-15%) in the opposite direction 
of the original head posture without an induced vertical, horizontal or 
torsional gaze incomitance. Ten patients (12%) had another operation 
for recurrent strabismus or treatment of a new or recurrent head 
posture.  Of these 10 patients, 8 were re-operated on within the first 
year and 2 more than one year after the initial procedure. There were 
no serious surgical complications.  All patients had an indication to 
move (recess, transpose) or remove (resect, tenectomy) the extraocular 
muscle as part of their procedure, meaning that none were eligible 
for tenotomy with reattachment alone on the four horizontal recti 
(operation 6, table 1).

All 85 patients were fitted with contact lenses.  Peripherally painted 
contact lenses (Figure 2) were tried in 59 (70%), tinted soft contact 
lenses in 17 (20%) and tinted gas permeable contact lenses in 9 (10%).  
At the patient’s last visit, 70 (82%) patients were regularly wearing their 
contact lenses.  The remaining 15 patients were not wearing contacts 
largely due to intolerance or indifference. 

Thirty-one (36%) patients with infantile (A)PAN had treatment 
with oral Baclofen (LioresalR).  All patients had improvement in (a)
periodicity on eye movement recordings (Figure 7). Twenty-six (84%) of 
the 31 patients treated with Baclofen have continued on treatment long-
term, in multiple cases for over 5 years. In the other five, treatment was 
withdrawn due to intolerance of side effects (e.g., somnolence, fatigue, 
light headedness) in 3 cases, and perceived lack of effect in 2. The most 
commonly reported side effect was somnolence, which occurred in most 
patients initially and disappeared after the first week of therapy.

Figure 5. Measurement of Contrast Sensitivity Using the CSV 1000R 
A photograph of the CSV 1000 light box with stimuli is shown on the left.  The patient is asked to identify, for each of the gratings 1-8, the location of the stripes, either; top, bottom or, 
both gratings are blank. As an example the plot of patient # 34’s contrast sensitivity curve before and after treatment is shown on the right with marks for each stimulus checked and a line 
connecting the results, creating the contrast sensitivity curve. 
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Visual acuity
Visual acuity outcome data reported in this study included baseline 

and at least 2 months and not longer than 6 months after multimodal 
treatment.  We used 2-6 months’ post treatment acuity data to allow 
for complete adaptation to treatments and to avoid natural age-related 
changes in the younger age group due to visual system maturation.   
The average group mean BVA improved significantly (p<0.05) after 
treatment (baseline BVA = 0.85, post-treatment BVA logMAR 0.57) 
(Figure 8).  Five patients had no change in acuity while 18%, had an 
increase of 0.1 logMAR, 30% an increase of 0.2 logMAR and 47% an 
increase of 0.3 logMAR. 89% of patients had a final BVA of better than 
or equal to 0.70 logMAR, making them eligible for a restricted driver’s 
license in most US States. (Figure 8).  Although group means showed 
improvement in visual acuity, individual patient acuity may have 
varied +/- 0.1 logMAR based on chance alone. This is inherent in the 
testing methodology and age of the patients involved in this report and 
the reason we chose to perform group mean analysis.

Gaze dependent visual acuity (GDVA) outcome

An example of 4 patient’s change in functional vision space between 
baseline and post-treatment is shown in Figure 9. The group AUC 
decreased significantly (p<0.001) between baseline and post-treatment 
indicating a significant improvement effect of treatment on GDVA and 
improved functional vision space (Figure 10).

Strabismus deviation (SD)

There was a significant improvement in the average strabismic 
deviation in all those intended to correct strabismus.  This study was 

not intended to study the full effect of eye muscle surgery on all the 
strabismic characteristics, thus full and detailed pre- and post-operative 
orthoptic data are intentionally excluded except for the single (primary 
position) outcome measure reported. There was no persistent diplopia 
after surgery on any patient.

Anomalous head posture (AHP)

In those patients who had an anomalous head posture at baseline 
the average change in posture per group improved significantly 
(p<.02), were within 8 degrees of straight (Right/Left/Up/Down).  It is 
important to note that in all these patients the predominant direction 
of their nystagmus oscillation was horizontal, even in those patients 
with a vertical or multiplanar eccentric gaze null.  As is characteristic 
of INS the intensity of the horizontal oscillation increased away from 
their gaze null and decreased in their gaze null (horizontally, vertically 
or torsionally).

Contrast sensitivity (CS)

Table 3 shows changes in CS at all cycles per degree (cpd) stimuli 
for baseline and post treatment (final) conditions.  CS was statistically 
significantly better at all cpd stimuli after treatment (p=0.001). 

Expanded nystagmus acuity function (eNAFX)

The group mean change in eNAFX values (0.000 minimum to 
1.000 maximum) at baseline was 0.601 (+/- 0.10) which significantly 
improved to .426 (+/- 0.16) after treatment (signed rank test, Z=3.7; 
p<0.002). (Figures 11, 12)

Figure 6. Eye Movement Recordings of “Up-Gaze” Eccentric Null Zone.
This figure shows photos of two OCA1 patients with a common chin-down head position (bottom of figure) resulting from an eccentric null zone in up-gaze.  The horizontal eye movement 
recordings from the right eye of a patient shows what happens to the nystagmus as gaze changes from 20 degrees up (right and left tracings) to 20 degrees down, center tracings.  The 
characteristics of the nystagmus favorably change in up-gaze in both direction and intensity and waveform type.  (JRef = jerk right with extended foveation, JLef = jerk left with extended 
foveation, deg = degrees, OD = right eye, sec = second, R = rightward eye movement, L = leftward eye movements).
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Figure 7. Eye Movement Recordings After Oral Baclofen
This figure shows eye movement recordings of patient 26 before (top, above black bar) and after (bottom, below black bar) oral baclofen.  The top trace displays the patient’s right eye 
position and velocity with a clear, regular pattern of jerk left with extended foveation decreasing in intensity then changing to jerk right with extended foveation over about 3.5 minutes.  The 
bottom trace displays the same patient’s right and left eye horizontal and vertical position after oral baclofen.  This 1.5 min recording is representative of the patient’s continuous state.  The 
periodicity is replaced by less intense, improved jerk with extended foveation waveforms. (OD = right eye, OS = left eye, OU = both eyes, Lef = left with extended foveation, Ref = right 
with extended foveation, PAN = periodic alternating nystagmus, R = rightward movements, L = leftward movements, U = upward movements, D = downward movements)

Table 3. Result of Contrast Sensitivity (CS) Testing.

This table summarized the group mean response to CS testing with the CSV 1000R chart 
at each of the four testing stimuli. There were significant group mean improvements in all 
four spatial frequency targets after treatment. Frequency = cycles/degree test pattern, Exam 
= baseline or final, +/- SD = standard deviation, cpd
*= cycles per degree. Area circumscribed by the rectangle shows significant  mean 
differences at all levels of test pattern performances after treatment.

Discussion
All types of OCA and ocular albinism have similar ocular findings, 

including various degrees of early onset nystagmus, hypopigmentation 
of iris and retinal pigment epithelium, foveal dysplasia, ametropia, 
strabismus and reduced best-corrected visual acuity (Figure 1) [1,21,22,37].  
Photophobia and light interference may be prominent.  The abnormal 
crossing of chiasmatic, post-chiasmatic fibers can be demonstrated by 
monocular visual evoked potentials [2].  The diagnosis of OCA is usually 
based on clinical findings of hypopigmentation of the skin and hair, in 
addition to the characteristic ocular symptoms. However, due to the 
clinical overlap between the OCA subtypes, other testing such as molecular, 
electrophysiological or radiological may be necessary. Molecular genetic 
testing of TYR and OCA2 are available on a clinical basis, while at present, 
analysis of TYRP1 and MATP is on research basis only.  

Visual function in patients with OCA1 is affected by unpredictable 
combinations of ocular motor (eccentric null zones, damping with 
convergence, monocular intensity changes, periodicity, strabismus, poor 
smooth pursuit and OKN and attentional changes) and sensory system 
defects (ammetropia, amblyopia, photosensitivity, loss of contrast 
sensitivity, poor motion perception, decreased temporal luminance, 
impaired contour interaction, light interference and pre-chiasmal, 
chiasmal, and post-chiasmal, maldevelopment) [1,2,4,7,11,21,22,38-
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Figure 8. Visual Acuity At Baseline and After Treatment
This figure shows a comparison plot of individual patient and group mean best corrected binocular acuity logMAR acuity at baseline and post-treatment. There was a significant difference 
for the entire 85 patients (p<.01 group means 0.85 baseline vs. 0.57 post-treatment) (Y axis shows logMAR values from 0 to 1.4 and X axis shows; patient number, VA = visual acuity, SPECS 
= spectacles only, FINAL = at least 2 months after treatment).

Figure 9. Sample Gaze Dependent Visual Acuity Data (GDVA)
The graphs show GDVA data from four patients (graphs right, left, above and below) at baseline (solid line) and after treatment (dotted line), the shaded grey area shows the change in area 
of best binocular acuity as a function of gaze after treatment. (logMAR acuity from 0.0 to 1.1 is displayed on the Y axis, the X axis shows each position of gaze where visual acuity is tested, 
VA = best corrected binocular visual acuity, DEG = degrees, (+) is gaze to the right, (-) is gaze to the left).

40]. Visual functions directly affected include high spatial acuity 
vision, contrast sensitivity, motion detection, visual recognition time, 
gaze and time dependent vision, depth and stereopsis, smooth pursuit, 
and vestibular and proprioceptive functions [1,2,4,7,11,21,22,38-40].  
Tests of these visual based functions are usually not part of routine eye 
evaluations and are more commonly used in research settings but may 
be important measures of visual function outside the office.  It may be 
that some of all of these visual functions contribute to the subjective 
improvement in visual “well-being” described by these patients and 
their families after treatment.

Traditional visual system treatment of patients with OCA1 includes 
spectacles and routine amblyopia and strabismus management.  The 

use of low vision aids, sunscreens with a sun protection factor of at 
least 30, avoiding high-risk sun exposure, protective clothing, and 
eye protection are part of routine suggestions. In the classroom, 
preferential seating, lighting, computer assisted devices and handouts 
of board written content are helpful aids.

There is no cure for many of the visual sensory system deficits that 
are associated with albinism.  We hypothesized that a combination of 
optical, surgical and medical treatments could improve visual function 
in these patients.  This case series supports the hypothesis that optotype 
visual acuity, contrast sensitivity, gaze dependent vision, vision over 
time, nystagmus, strabismus and anomalous head posturing can all be 
improved after a combination optical, surgical and medical treatment. 
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Figure 10. Area Under the Curve (AUC) Data Analysis of Gaze Dependent Visual Acuity (GDVA).
 The graphs show AUC data from one patient (figures to the left) at baseline and post treatment, the clear area in the figure represents best-corrected, horizontal, vision space as a function 
of gaze, while the shaded area under the curve (AUC) represents potential best-corrected vision space.  The fight side of the figure shows a box-plot analysis of the entire group GDVA at 
baseline and post-treatment.  The asterisk represents a significant change in GDVA.  

Figure 11. Expanded Nystagmus Acuity Function (eNAFX) Plots
This figure illustrated eye movement data from patients 11, 19 and 84 at baseline and post treatment which is used to calculate the eNAFX. All three patients show jerk with extended 
foveation waveforms.  After treatment waveform amplitude decreased, the number and length of foveation periods (darkened sections of waveform slow phases) increased and the position 
and velocity variations decreased. The net result was an increased eNAFX.  sec = seconds, o = degrees.
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Figure 12.  Expanded Nystagmus Acuity Function Results
This figure shows a comparison plot of individual patient and group mean eNAFX results at baseline and post-treatment. There was a significant difference for the entire 85 patients (p<.002, 
group mean 0.387 +/- 0.102 baseline vs. 0.591 +/- 0.160 post-treatment) (Y axis shows eNAFX values from 0 to 1.0, X axis shows patient number, Rx = treatment).

Treatment directed specifically at the nystagmus would have as its 
goal to increase the quality and quantity of foveation periods, thereby, 
increasing the potential for more time and gaze angles during which 
best visual function could take place.  There is a large body of data 
supporting the hypothesis that foveation periods occurring during 
each beat of nystagmus can be lengthened or increased by therapeutic 
interventions (i.e., medicines, surgery, contact lenses, etc.) [32,35,41-
43].  Quantitating these foveation periods is accomplished with 
accurate, calibrated, eye movement recordings using various foveation 
programs. We chose the eNAFX as an outcome measure in this 
report.  This study is in agreement with many other reports that show 
improved foveation (eNAFX values) after treatment.  The improvement 
in INS applies both to patients with and without associated sensory-system 
defects. Ocular motor and visual system benefits have been shown to be 
consistently observed in patients who undergo eye muscle surgery for INS, 
even if the purpose was to decrease torticollis or improve strabismus.

About 9% to 33% of patients with INS will have an inherent, 
rhythmic, periodic or aperiodically changing nystagmus intensity 
and/or direction over time. Most clinicians are familiar with this 
oscillation as acquired periodic alternating nystagmus (PAN) [11-
16,44].  Acquired PAN has a specific pattern identified by the 
presence of spontaneous nystagmus in the primary position, which 
beats horizontally in one direction for 1 or 2 minutes, followed by a 
quiet period, and then reappearance of the nystagmus in the opposite 
direction for a similar length of time.  Acquired PAN can also occur 
in association with midbrain or cerebellar disease and as an adverse 
effect of medication such as lithium and anticonvulsants or from loss 
of vision, e.g., cataracts, vitreous hemorrhage, and optic atrophy [11-
16,44].  Although the mechanism of periodic alternating nystagmus 
is not clearly understood, lesions of the uvula and nodules as well as 
structures located in the posterior vermis of the cerebellum, have been 
shown to be temporally related to its occurrence [45]. 

Infantile (a)periodic alternating nystagmus (IAPAN) has all the 
electrophysiological and clinical characteristics of INS except like 
acquired PAN the null zone shifts position in a regular (periodic) or 
irregular (aperiodic) pattern [11-16,44].  This results in changes in 
the intensity and/or direction of the nystagmus and dynamic changes 
in visual function and anomalous head positioning from seconds to 
minutes.  IAPAN is more common in patients with OCA and, in that 
clinical setting, is usually not associated with serious central nervous 
system pathology.  Pharmacologically useful agents for patients with 

nystagmus are primarily GABA agonists or inhibitors of the excitatory 
neurotransmitter system, including drugs such as gabapentin, 
memantine and baclofen [46-50].  Over the last 20 years the safe use 
of oral and intrathecal baclofen has been employed to treat spasticity 
in patients with cerebral palsy.  Several case reports of IAPAN describe 
a positive effect of baclofen and suggest its effectiveness in patients 
with IAPAN [46-50].  These reports plus the author’s experience with 
baclofen’s use in treating IAPAN was the reason for employing it as 
part of this treatment protocol.

Several reports suggest it is clinically reasonable to measure CS 
to assess visual system disability in patients with multisystem vision 
disease [25,51,52]. Anatomical and electrophysiological anomalies 
found in human albinos are reflected by reduced contrast sensitivity 
[4,53,54].  Testing of CS in patients with albinism have repeatedly 
shown it to be abnormal [4,53,54].  High astigmatic errors, nystagmus 
and other retinal/neural anomalies may result in abnormal meridional 
differences in sensitivity. Previous reports have also shown an increase 
in peak CS in albino patients while using telescopes and other low 
vision aids.  The data from this report supports deficient CS in OCA1 
patients and the potential for subsequent improvement after combined 
visual system treatment.

A few studies have suggested that the use of contact lenses improves 
the visual function of patients with INS, although the effects of contact 
lenses on nystagmus remain debated and only a few clinicians offer 
this treatment to their patients [25,41,55-58]. It is possible that contact 
lenses may correct a patient’s refractive error better than spectacles.  
The contact lens moves with the eye, therefore the patient looks along 
the visual axis of the correcting lens for a far greater proportion 
of the time than with spectacles, especially if an anomalous head 
posture is used to obtain best visual function. Contact lenses provide 
more continuous fixation than spectacles, reducing the spherical and 
chromatic aberration, together with the prismatic effect.  In addition, 
contact lenses generate additional vergence and accommodative effort, 
both of which decrease INS in some patients.  It has also been suggested 
that contact lens wear may dampen nystagmus by decreasing the 
nystagmus’ amplitude and frequency [25,41,55-58].  This phenomenon 
might be due to sensory feedback from movement of the edge of the 
lens against the edges and inside of the lids or at the limbus as the eyes 
oscillate (mediated through trigeminal afferents).  Lastly, the contacts 
can be tinted or peripherally painted reducing glare, photophobia and 
light interference.
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The prevalence of strabismus averages about 50% in patients 
with all types of albinism but varies depending on the phenotype or 
genetic diagnosis, with a prevalence of almost 100% in patients OCA1 
[1,2,19,22].  The most common forms are basic, comitant, esotropia or 
exotropia, although all motor components of the infantile strabismus 
syndrome have been reported, i.e., dissociated deviations, apparent 
over- or under- action of the obliques and alphabet patterns [1,2,19,22].  
There are also reports of frequent saccadic intrusions in patients with 
albinism, the sizes of which were correlated with velocities of steady 
drifts in fixations [59].  This study adds to the evidence of a predominant 
vertical eccentric gaze null positon with respective anomalous head 
posture of chin-down or chin-up in patients with albinism [11,42,60].  
This vertical eccentric gaze null position has been commonly reported 
with other diseases of the pre-chiasmal visual system, i.e., optic nerve 
hypoplasia, foveal dysplasia and retinal dystrophy [11,42,60].  It may 
be that clinicians have either not recognized these vertical null positions or 
there is less experience with its treatment, either way, those patients with 
a chin-down or chin-up posture are eligible for surgical treatment in the 
same way, and for the same reason as those with horizontal head postures.

The approach outlined in Table 1 to eye muscle surgery in OCA1 
patients was developed as a result of a need to improve multiple 
pre-operative ocular motor and/or visual system abnormalities in 
the patient population with INS.  This 9-operation system allows 
the clinician to maximize surgical intervention by performing one 
procedure to address all possible indications, e.g., eye position, head/
face position and nystagmus characteristics [24,35,36].  This surgical 
algorithm is based on standard eye muscle surgical techniques and is 
easily applicable in most clinical situations [24,35,36].  The data from 
this study have shown that OCA1 patient’s strabismus and anomalous 
head posture can be improved after eye muscle surgery in the same way 
as other populations of patients with strabismus.

The INS population suffers from time (attention, fatigue, illness, 
medication, IAPAN) and gaze dependent (null zone) changes in their 
visual function.  This results in a peculiar attribute of their vision sense.  
INS patients have a “dynamic” visual system, whereas the normal 
sense of vision is “static.”  If the INS patient’s best binocular visual 
function is dependent on eye position in orbit (gaze) then a restricted 
3-dimensional area of vision space exists in breadth, depth and 
width, which we have labelled “functional vision space.”  There is no 
substantial gaze-restricted visual function in the normal visual system, 
thus normal functional vision space is physiological limits of gaze and 
distance vision.  These factors may reflect real-world visual dysfunction 
in the INS population.  To try and quantitate this anomalous visual 
physiology we have developed a measure called gaze-dependent 
visual acuity (GDVA) [29,33].  It has been previously reported that 
measured acuity in INS patients is dependent on gaze angle and visual 
recognition time [29,33].  We have used the GDVA measure in the 
OCA1 population and demonstrated a significant improvement in 
functional vision space after treatment.

Study limitations

There are several limitations of this case series. This is not a 
randomized clinical trial comparing an isolated intervention to a 
known treatment or placebo.  There are no randomized clinical trials 
evaluating treatments of albinism thus clear evidenced based guidelines 
including indications and risks of treating visual system anomalies 
associated with albinism are based on historical face validity and case/
cohort series such as this one.  Although all patients had a “pure” subset 
of OCA (OCA1), we included patients of all ages, varied baseline visual 
systems and a few with syndromic albinism.  We did not report analysis 

of each outcome measure after each treatment, but treated the three 
interventions (optical, medical, surgical) as a single combined therapy, 
choosing to use baseline and post-treatment measures as our beginning 
and end points.  It may be that one treatment modality, e.g., surgery, 
may have a more profound effect on one (strabismus) or another 
(nystagmus) outcome measure.  We analyzed and reported combined 
treatment data because this reflects the standard clinical situation in 
which, in this patient population, there is an indication for each of the 
three treatment modalities.  We recognize that each treatment (optical, 
surgical, medical) or possible combinations of treatments, may have 
had some chance of improving some aspect of visual function due to a 
unique or overlapping mechanism.  Our original and study hypothesis 
was that the combined treatment effect would improve the selected 
outcome measures, in a similar manner to combined chemotherapy 
regimens improving outcomes in cancer treatment.

Although the patients reported here consist one of the largest 
prospective treatment cohorts of OCA1 patients, this remains level 2-3 
evidence at best.  The data reported in this study showed significant 
improvements in BVA, GDVA, CS, AHP, SD, eNAFX from baseline to 
post treatment, suggesting that these measures of visual function can 
be improved in patients with albinism after combinations of optical, 
surgical, or medical treatments.  These treatments alone are not novel, 
nor is treatment of the visual system of patients with albinism.  This 
study has shown that the combined use of standard optical, surgical, 
and medical treatments of patients with the most severe form of OCA 
significantly improves their visual function.
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