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Purposte. The purpose of this study was to describe the association among nystagmus
characteristics, foveal hypoplasia, and visual acuity in patients with albinism.

MerHops. We studied nystagmus recordings of 50 patients with albinism. The nystagmus
waveform was decomposed into two types: dominantly pendular and dominantly jerk.
We correlated the nystagmus type, amplitude, frequency, and percentage of low velocity
(PLOV) to Snellen visual acuity and foveal hypoplasia grades.

Resurrs. The grade of foveal hypoplasia and visual acuity showed a strong correlation (r =
0.87, P < 0.0001). Nystagmus type and PLOV had the strongest significant (P < 0.0001)
correlation with visual acuity (r = 0.70 and r = —0.50, respectively) and with foveal
hypoplasia (r = 0.76 and » = —0.60, respectively). Patients with pendular nystagmus type
had the lowest PLOV, and the highest grade of foveal hypoplasia (P < 0.0001). Severe
foveal hypoplasia (grade 4), was almost invariably associated with pendular nystagmus

hypoplasia and visual acuity. Invest
Ophthalmol Vis Sci. 2023;64(15):30.
https://doi.org/10.1167/i0vs.64.15.30

(86%).

Concrusions. Foveal hypoplasia grade 4 is associated with pendular nystagmus, lower

PLOV, and worse visual acuity. Based on these results, nystagmus recordings at a young
age may contribute to predicting visual outcomes.
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Ibinism is a genetically determined disorder in which

either the synthesis of melanin or the maturation of
melanosomes is impaired.! In oculocutaneous albinism,
which is autosomal recessively inherited, the eyes, skin, and
hair are affected, whereas in ocular albinism, an X-linked
condition, only the eyes are affected. Albinism is associated
with reduced visual acuity. Kruijt and colleagues described
the phenotypic spectrum of a large cohort of patients with
albinism and investigated the relationship between ocular
abnormalities and visual acuity.? They found that visual
acuity only significantly correlated with two characteristics:
the grade of foveal hypoplasia, as first described by Thomas
et al.?> (see Fig. 1), and the presence of nystagmus. Foveal
hypoplasia can be graded from 0 (normal fovea) to grade 4
(no inner and outer retina differentiation). Based on molecu-
lar diagnosis, there is a significant difference in the spectrum
of foveal hypoplasia grades.®> In contrast to foveal hypopla-
sia, nystagmus characteristics in albinism have not yet been
graded or differentiated.

Congenital nystagmus occurs in more than 90% of
patients with albinism.? Nystagmus has different appear-
ances. Dell’Osso® described 12 different types of nystagmus
waveforms. These waveforms can be decomposed into two
main components: “Pendular” and “Jerk.”” Nystagmus varies,
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besides waveform, in amplitude, frequency, and direction.
By using an eye-tracker, eye movements can be measured
and all of the parameters of the nystagmus can be deter-
mined. In addition, foveation periods, that is, brief intervals
in the nystagmus waveform during which the image is on or
near the fovea and eye velocity is relatively low, can be deter-
mined this way. Foveation periods depend on the type of
nystagmus waveform, and the duration of the foveation peri-
ods correlates with visual acuity. Dell’Osso et al. described
this relationship in a function called the nystagmus acuity
function (NAF) and later in the expanded NAF (NAFX).?
However, in the case of an underdeveloped fovea, there is
often no stable eye position.” In these cases, methods using
the “foveation period,” like “NAFX” and the newer “nystag-
mus optimal fixation function” (NOFF),!° are ineffective at
predicting visual acuity. Weiss investigated the relationship
between the slow-phase velocity of nystagmus and visual
acuity in children with albinism and dropped the position
criterium. In the absence of a stable eye position, they found
that visual acuity in individuals with albinism and pendular
nystagmus is more likely to be correlated with eye veloc-
ity.9,10

Although the relationship between nystagmus and visual
acuity has been extensively studied,®!° the relationship

)
©OS0)
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Downloaded from iovs.arvojournals.org on 01/22/2024


mailto:htalsma@bartimeus.nl
https://doi.org/10.1167/iovs.64.15.30
http://creativecommons.org/licenses/by-nc-nd/4.0/

Investigative Ophthalmology & Visual Science

Nystagmus Versus Foveal Hypoplasia and VA in Albinism

between nystagmus and foveal hypoplasia has yet to
be elucidated. Children with idiopathic infantile nystag-
mus (IIN), who usually have normal foveae or at most
grade 1 foveal hypoplasia,’® have a mild to moderate
reduction in visual acuity.!® However, when nystagmus is
linked to albinism the visual acuity deficits can be more
pronounced.!®! The nystagmus might further exacerbate
the already reduced acuity due to an underdeveloped fovea.

This research investigated how different nystagmus char-
acteristics in patients with albinism correlate with visual
acuity and the grade of foveal hypoplasia.

METHODS

Study Population

We invited 51 patients from a larger group of 522 patients
with albinism? for additional eye-tracker tests. A diagnosis
of albinism was made according to the diagnostic criteria

Normal

Grade 1

Grade 2

Grade 3

Grade 4

Ficure 1. Foveal structural features, detectable using optical coher-
ence tomography (OCT): simplified and adapted from Thomas et al.3
(A) Extrusion of plexiform layers, (B) foveal pit, (C) outer segment
lengthening, (D) outer nuclear layer widening.
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proposed by Kruijt et al.> In the case of genetic confir-
mation, at least one major criterion or two minor criteria
were required for the diagnosis. For genetically unconfirmed
cases, at least three major criteria or a combination of two
major and two minor criteria were required. Supplementary
Table S1 shows the genetic diagnosis in 16 patients; the
remaining patients had a clinical diagnosis of albinism, We
selected the 51 patients for this study based on their visual
acuity: they had either relatively good visual acuity logMAR
< 0.3, n = 21) or poor visual acuity (logMAR > 0.6, n = 30).

The median age of the patients was 29.1 years (range =
12-69 years). Thirty patients were women, and 21 patients
were men. The study was approved by the Medical Ethics
Committee of Leiden University Medical Center and adhered
to the tenets of the Declaration of Helsinki. Informed
consent was obtained from the subjects after explaining the
nature and possible consequences of the study.

Visual Acuity and Foveal Hypoplasia Grading

Using the SLOAN optotype, we measured visual acuity with
a digital optotype chart (Vision Testing Software; Good-lite
LLC, Elgin, IL, USA) based on the Early Treatment Diabetic
Retinopathy Study (ETDRS) principle.

We used optical coherence tomography (OCT) scans (RT-
Vue; Optovue, Fremont, CA, USA), to grade foveal hypopla-
sia. Besides line scans, radial MM6 scans were available to
ensure that the center of the foveal region was captured. As
shown in Figure 1, we graded foveal hypoplasia from grade
1 to 4, according to the grading scheme of Thomas et al.?

Nystagmus Analysis With Eye-Tracking

We used a Tobii T60 XL eye-tracker with a 24-inch TFT
widescreen monitor (Tobii Inc., Stockholm, Sweden), which
records the gaze direction of the eyes with a sample rate of
60 Hz without the need for a chinrest or other apparatus. The
stimulus consisted of a black dot on a grey background with
an average luminance of 50 cd/m2 presented for 25 seconds,
with the patient sitting approximately 60 cm away from the
display. The tests took place in undisturbed conditions in an
office room. Tobii Studio software version 3.3.2. was used to
collect the nystagmus data of the albinism patients, after an
initial standard 5-point calibration procedure.

Data Analysis Nystagmus

Using Theodorou’s method,” we decomposed the nystagmus
waveform into two classes: dominantly pendular and domi-
nantly jerk. Nearly all nystagmus waveforms with normal-
ized amplitude can be considered a linear combination of a
jerk and a pendular form, as illustrated in Figure 2. We clas-
sified waveforms with a factor a above 0.5 as pendular and
below 0.5 as a jerk. The only nystagmus that cannot be clas-
sified this way is the bidirectional jerk, which we classified
manually.

a-a- WM+ - VWV

Jerk (J) Pendular (P)

U =

Ficure 2. Nystagmus waveforms decomposition.’
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Ficure 3. Example of the horizontal position of a jerk-type nystagmus (top graph) and corresponding eye velocities (bottom graph). The
slow phases are indicated by the top dark grey boxes. For this 1-second measurement interval, the percentage of low velocity (PLOV), defined
as the proportion of time during which the velocity remains below 4 degrees/second, is approximately 40%.

In equation form, the linear combination of a jerk and
pendular nystagmus looks as follows:

f = (1 — a)sawtooth (27t, 1 — w) + a(cos 27t) (€))

with parameter ¢ as the time. Parameter a, between 0 and
1, represents the amplitude of the pendular term, and (1-a)
the amplitude of the jerk term. Parameter w is the width of
the rising ramp of the sawtooth function.!” The width of the
rising ramp is a proportion of the total cycle. The default is 1,
producing a rising ramp, whereas 0 produces a falling ramp.
The width = 0.5 produces a triangle wave. Only the two
extreme ranges for w were considered: between 0.0 and 0.1,
representing a right jerk, and between 0.9 and 1.0, represent-
ing a left jerk. We determined parameter a as follows: first,
with a Python program, we identified the different cycles of
the measured nystagmus and for each cycle, the peaks and
troughs were superposed by scaling the time axis. Subse-
quently, we discarded the outliers — cycles with log ampli-
tudes that fell outside two times the standard deviation — and
constructed an averaged and normalized waveform cycle.
We then used Python’s scipy.optimize.curve_fit,'”® nonlinear
least squares to best fit the function, f, to the data by varying
parameters a and w (a and w only in the ranges specified
above).

We defined the percentage of low velocity (PLOV) by
calculating the horizontal eye rotation velocity during the
nystagmus and determining the percentage of time within
a specific interval during which the absolute velocity was
less than 4.0 degrees/second.’ For illustration see Figure 3.
A typical interval was around 20 seconds and was selected
based on the quality of the measurement.

Statistical Data Analysis

All analyses were performed using GraphPad Prism version
6.0.7 for Windows (GraphPad Software, San Diego, CA, USA,
www.graphpad.com). We tested the normality of the data
with the Anderson-Darling normality test. We correlated
different nystagmus parameters to visual acuity and foveal
hypoplasia: nystagmus type (jerk/pendular), log amplitude,
frequency, and PLOV. Due to the non-normal distribution
of visual acuity and foveal hypoplasia, we performed the
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non-parametric Spearman test for every correlation analysis
with the nystagmus parameters. We calculated the statistical
differences between the group of patients with pendular and
jerk nystagmus with the Mann-Whitney U statistical test. A P
value of < 0.05 was considered statistically significant.

RESULTS

The nystagmus recording from one patient was not readable
and therefore not considered for shape analysis. Of the 50
remaining patients with albinism, 28 (56%) had dominant
jerk and 22 (44%) dominant pendular nystagmus.

The average PLOV of the pendular type (7.4%) was
significantly lower than that of the jerk type (21.0%, P =
0.0001). Figure 4A shows that patients with pendular nystag-
mus had worse visual acuity (median 0.90 logMAR,) than
patients with jerk nystagmus (median 0.22 LogMAR). This
difference was statistically significant (P < 0.0001).

All patients had foveal hypoplasia (i.e. > grade 1). The
patients with pendular nystagmus had a significantly higher
grade of foveal hypoplasia than patients with jerk nystagmus
(P < 0.0001). Figure 4B shows that 86% of patients with
pendular nystagmus had grade 4 foveal hypoplasia versus
11% of patients with jerk nystagmus.

All nystagmus parameters correlated significantly with
visual acuity except for nystagmus frequency (Fig. 5). From
the highest absolute correlation with visual acuity to the
lowest, we found: nystagmus type (» = 0.70, P < 0.0001):

PLOV (r = —0.56, p < 0.0001) ,

and log nystagmus amplitude (r =0.50,p < 0.0006)

We also compared the same nystagmus parameters with
foveal hypoplasia (Fig. 6). Again, all nystagmus parameters
correlated significantly with foveal hypoplasia except for
nystagmus frequency. From the highest absolute correlation
with foveal hypoplasia to the lowest, we found: nystagmus
type (r = 0.76, P < 0.0001):

PLOV (r = —0.60, p < 0.0001),

and log nystagmus amplitude (r =0.36,p = 0.02) .
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Ficure 4. (A) Histogram visual acuity (logMAR). (B) Histogram foveal hypoplasia.
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Ficure 5. Visual acuity as a function of nystagmus parameters. All nystagmus parameters correlated significantly with visual acuity except
for nystagmus frequency. Most significant was the correlation of visual acuity with nystagmus type and PLOV (see also Supplementary

Table 2A).

Figures 7A and 7B show a strong correlation between the
grade of foveal hypoplasia and visual acuity (» = 0.86, P <
0.0001).! Patients with pendular nystagmus had the high-
est grade of foveal hypoplasia and the lowest PLOV (see
Fig. 7B).

DISCUSSION

This study shows how different nystagmus characteristics in
patients with albinism correlate with visual acuity and grade
of foveal hypoplasia. Our cohort consisted of 21 patients
with relatively good visual acuity and 30 patients with rela-

Downloaded from iovs.arvojournals.org on 01/22/2024

tively poor visual acuity. We found that approximately an
equal number of patients exhibited jerk nystagmus as did
pendular nystagmus and that worse visual acuity was signif-
icantly associated with pendular nystagmus.

Worse visual acuity in our study was also correlated with
more severe foveal hypoplasia, confirming earlier reports.?'1°
Rufai et al. found that structural grading of foveal hypopla-
sia using OCT images is a more accurate predictor of future
visual acuity in children with infantile nystagmus than quan-
titative segmentation and preferential-looking testing.!® A
remarkable additional finding in our study is that severe
foveal hypoplasia (grade 4), was almost invariably asso-
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Ficure 7. (A) Correlation between visual acuity and grade foveal hypoplasia, with patients with pendular and jerk nystagmus displayed
separately. Eighty-six percent of patients with pendular nystagmus had grade 4 foveal hypoplasia (see also Supplementary Table 2C).
(B) Correlation visual acuity — grade foveal hypoplasia. Patients were also divided into two distinct groups: the lower-half patients, charac-
terized by an PLOV < M (M = median(PLOV)), and the upper-half patients, displaying PLOV > M. There is a significant correlation between
these two groups and the grade of foveal hypoplasia (r = 0.53, P < 0.0001; see Supplementary Table 2C).
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ciated with pendular nystagmus and low PLOV. In grade
4 foveal hypoplasia, there is a complete absence of cone
photoreceptor differentiation, resulting in a central outer
retina that resembles a peripheral retina.> We hypothesize
that the absence of a distinguishable center relative to the
more peripheral retina leads to the absence of foveation and
to a pendular form of nystagmus. In contrast, milder grades
of foveal hypoplasia showing some foveal differentiations
are associated with jerk nystagmus. During jerk nystagmus,
there is a moment in the cycle where the fast, corrective eye
movement directs the gaze to the center.

It is intriguing to speculate on the relative contributions
of foveal morphology and nystagmus type to visual acuity.
The structural and functional alteration of the fovea in itself
can lead to lower visual acuity, but we also demonstrated
that a high grade of foveal hypoplasia is significantly associ-
ated with a specific type of nystagmus and thus worse visual
acuity. The pendular nystagmus associated with the highest
grade of foveal hypoplasia has a relatively small percentage
of time for the slow phase, i.e., a period with low velocity
and a low PLOV. The relationship between nystagmus and
visual acuity has been extensively studied.®'°> In all these
studies, nystagmus eye velocity plays a role in the correlation
with visual acuity.

Theoretically, it might be possible that pendular nystag-
mus alone can cause the poor visual acuity of patients
with albinism with grade 4 foveal hypoplasia. Weiss and
coworkers’ studied the velocity component of nystagmus
by comparing the dynamic visual acuity (DVA) of healthy
subjects with the visual acuity of patients with albinism
based on eye velocity measurements. They concluded that
visual acuity in albinism is not limited by retinal image
motion alone, but that macular hypoplasia must be a
contributing factor.

To our knowledge, no correlation has previously been
described between the foveal hypoplasia grade and the
type of nystagmus. The fact that we preselected a group
of patients with either high or low visual acuity may have
contributed to the relatively strong correlation we found
between nystagmus parameters and albinism characteristics.
For our future research, we plan to investigate these relation-
ships in other patient groups with nystagmus to see if the
same correlations hold. Another question of interest pertains
to how nystagmus manifests and changes in early childhood,
a period in which the fovea is still developing.?’

Where the degree of foveal hypoplasia can provide
insights into visual prognosis, the type of nystagmus may
potentially offer similar information as well. Foveal hypopla-
sia is not always easily determined based on OCT images in
very young children. Not every center has access to a hand-
held OCT, nor the skills and time required to produce a qual-
ity OCT scan in young children.!??! Registering nystagmus
and identifying its type may be more straightforward; it can
be assessed by having a child view a monitor while seated
on a parent’s lap.

This study has some limitations. First of all, calibration
can be challenging in patients with congenital nystagmus,
because it may be difficult for the eye-tracking system to
determine where a person is looking in the presence of
nystagmus. If the nystagmus changes when looking in differ-
ent directions during the calibration, this might lead to
a less accurate calibration and, therefore, introduce some
error when determining the amplitude of the nystagmus.
However, we do not expect this error to be so large to
change the results significantly. In addition, no or only minor
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changes are to be expected in the determination of the
frequency and shape of the nystagmus due to this kind of
error in the calibration.

Second, the eye-tracker had a sampling rate of only 60
Hz. For the calculation of the amplitude and frequency of
the nystagmus, this is not an obstacle as the frequency of the
nystagmus itself is only in the order of 3 Hz. The shape might
change slightly as with a higher sampling rate accelerations
and decelerations might become better sampled. However,
we have visually confirmed the different nystagmus wave-
forms and were able to categorize them successfully into a
class described by Dell’Osso.° This affirms that the sampling
frequency is high enough to make a distinction between
pendular and jerk nystagmus waveforms. Furthermore, in
our analyses, we use a relative measure. We correlated the
relative nystagmus parameters with visual acuity and foveal
hypoplasia.

CONCLUSIONS

Our study on 50 patients with albinism showed a corre-
lation among nystagmus type, visual acuity, and grades of
foveal hypoplasia. We demonstrated that foveal hypoplasia
grade 4 is associated with pendular nystagmus, a shorter
foveation period, and worse visual acuity. Based on these
results, nystagmus recordings at a young age may contribute
to predicting visual outcomes.
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