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Abstract

Purpose: To investigate stereoscopic vision in patients with macular telangiectasia

type 2 and correlate a paracentral sensitivity loss to reduced stereoscopic function.

Methods: In a prospective single-center study, 50 patients with macular
telangiectasia type 2 and 25 age-matched controls were investigated. Stereoscopic
function was evaluated with Lang I, Titmus and TNO-test. Sensitivity of the central
16° was tested using fundus-controlled perimetry (microperimetry). Functional loss

was quantified as depth, size and localization of scotomata.

Results: Both Titmus and TNO-test revealed significantly reduced stereoscopic
vision in patients compared to controls (both, p<0.0001). This applied even to
patients with only relative or monocular paracentral scotomata. A strong correlation
was observed for reduced stereoscopic vision with horizontal scotoma size and with

the distance of scotomata from the foveal center.

Conclusions: The results indicate that stereoscopic vision is impaired early in
patients with MacTel type 2. A paracentral sensitivity loss, even if mild and limited to
one eye, may considerably interfere with stereoscopic function despite normal visual
acuity. Projection of paracentral scotomata within the patient’s central visual field
plays an important role in stereoscopic vision and should be considered when

interpreting stereoscopic test results.
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Macular telangiectasia (MacTel) type 2 is a bilateral retinal disease with structural
and functional alterations that are usually most pronounced in the temporal
parafovea. The disease commonly presents with characteristic findings in
funduscopy and multimodal imaging.[1] Although the exact pathophysiology is not yet
fully understood, recent findings point towards a multifactorial and complex disease,
where a genetic predisposition as well as environmental factors may play a role.[2,3]
Phenotypic observations have led to the hypothesis of a neurodegenerative disease

with additional vascular alterations.[1,4]

First symptoms usually include reading difficulties or metamorphopsia, which most
commonly occur in the sixth and seventh decade of life.[5] Reading difficulties were
shown to be associated with paracentral scotomata that can be visualized by fundus
controlled perimetry (microperimetry).[6-8] Microperimetry enables an accurate
examination of position, size and depth of central and paracentral scotomata and

shows a good functional correlation to morphological changes in MacTel.[9-13]

Scotomata within the central visual field are characteristic findings in MacTel, but
may also occur within the scope of other retinal diseases such as central serous
chorioretinopathy[14], diabetic retinopathy[15], macular holes, or age related macular
degeneration[16-19]. In MacTel, however, scotomata are different with a typically
bilateral and often symmetrical occurrence in the temporal paracentral retina.
Usually, the foveola is spared, thus resulting in a preserved central visual acuity.[7,9]
In the patient’s central visual field, scotomata are typically and primarily projected
nasally to the point of fixation [7,9,20] (Figure 1), which seems to distinguish

functional loss in MacTel from most other diseases.
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Stereopsis is defined as binocular perception of relative depth that results of
horizontal image disparities and is usually measured as stereoacuity (SA) in seconds
of arc (ArcSec).[21] Abnormal binocular function and thus impaired stereoscopic
vision can be observed in various ocular diseases including amblyopia[22,23],
strabismus[24] and anisometropia.[25] Previously, a reduced stereoscopic function
was also shown in patients with central scotomata in one eye resulting from retinal

diseases.[16,26]

The influence of paracentral scotomata on stereoscopic vision, however, has not

been investigated so far.

The underlying hypothesis of the present project was that in MacTel due to the
occurrence of paracentral scotomata, visual information projected within a
dysfunctional retinal sector (temporal parafovea) of one eye is projected on
functioning retina (nasal retina) in the fellow eye (see fig. 1). Visual information
projected in this sector is reduced to one eye and thus spatial information gets lost
for this particular area leading to a disrupted processing of lateral disparity, a loss of
binocularity and thus impaired depth perception. Figure 1 schematically shows the
projection of bilateral scotomata within a patient’s central visual field and within the
Panum’s area. This assumption is anecdotally supported by patients with MacTel
reporting difficulties in estimating distances, a symptom that typically occurs in the

scope of an impaired depth perception.

We therefore systematically analyzed stereoscopic function and its correlation with
paracentral scotomata in MacTel patients. Patients with and without absolute

scotomata in microperimetry in one or both eyes were included in this analysis.



Miiller et al.: Stereoscopic vision in MacTel type 2

Methods

In this single-center cross-sectional study, the diagnosis of MacTel type 2 was based
on characteristic findings in funduscopy, spectral-domain optical coherence
tomography (SD-OCT), macular pigment distribution, and fluorescein angiography.[1]
Patients of the MacTel natural history and observation study (NHOS) were recruited
from a single center cohort at the Department of Ophthalmology, University of Bonn,

Germany. Protocol details of the NHOS have been published previously.[27]

The study was approved by the Ethics Committee of the University of Bonn, was in
adherence to the tenets of the Declaration of Helsinki, and patients and controls
provided informed consent. Consecutive patients who presented to our department
for their registration visit or annual follow up visit and who fulfilled the following
criteria were asked to participate in this study. Inclusion criteria for patients were a
clinical diagnosis of MacTel, a stable, foveal fixation and the absence of central
fibrosis or secondary neovascularizations. Exclusion criteria were the presence of
amblyopia, strabismus, a manifest or latent nystagmus and extrafoveal or unstable
fixation. In addition to the NHOS standard protocol, microperimetry was performed on
both eyes (MP1, Nidek Technologies, Padua, Italy) as described previously[7]. Under
mesopic room illumination, a test grid with 83 test stimuli (Goldmann size lll, 4-2
strategy, 1.27cd/mz2 background illumination, stimulation time 100ms) with a stimulus
intensity ranging from O to 20 dB was applied within the central 8° of fixation. A
fixation target (red cross, 2° size) was provided. Depth of scotomata was categorized
into absolute (A) and relative (R) (defined by retinal sensitivity of <0dB (A) and 20 to

<12 dB (R), respectively, according to Chen et al[28,29]). Scotoma extension was
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measured by maximal horizontal and vertical size (maximal diameter in degrees) and
total scotoma surface area. For calculation of correlation coefficients, additive
scotoma size of both eyes as well as monocular scotoma size of the worse eye were
taken into account. Furthermore, we measured the localization of the scotoma in
relation to the foveola. In this regard, for calculating correlation coefficients only the

worse eye (with scotoma closer to the foveola) was considered.

Patients were divided into groups according to the occurrence of relative and/ or
absolute scotomata: Group 00: No detectable scotoma in neither eye. Group RO: A
relative scotoma in one eye (R) and no scotoma (0) in the other eye. Group RR: A
relative scotoma in both eyes. Group AO: an absolute scotoma (A) in one, but no
scotoma in the other eye. Group AR: An absolute scotoma in one eye and a relative

scotoma in the other eye. Group AA: Absolute scotomata in both eyes.

For stereoscopic testing, different tests are commercially available. Clinically,
stereopsis is assessed commonly using contour stereograms that contain high-
contrast stimuli (e.g. utilizing polarizing filters/ images) for measuring local stereopsis
and random-dot based stereo tests for measuring global stereopsis. Local stereopsis
enables horizontally disparate stimuli to serve as depth cues.[30,31] Global
stereopsis terms the evaluation and correlation of sets of disparate and
corresponding points over a larger retinal area.[32,33] We chose two quantitative and
robust stereo tests for evaluating near stereoscopic function in patients and controls.
Local stereopsis was measured with the Titmus contour stereo test, global stereopsis
with the TNO random dot stereo test. Additionally, previous to quantitative testing,

Lang | test was performed as semi-quantitative random dot screening test.

Bagolini test was performed prior to stereoscopic testing as qualitative assessment of

simultaneous vision and fusion and in order to exclude monocular suppression.[34]
-
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Table 1 gives an overview over the stereoscopic tests that were performed in this
study. All tests were performed at a test distance of 40 cm with best corrected

refraction for this distance and according to the manufacturer’s instructions.

Contrast sensitivity testing was performed with Pelli Robson Contrast sensitivity
charts[35] under photopic conditions (mean room illumination: 100 lux). As a
summation of monocular contrast sensitivity can be observed in binocular contrast
vision[36,37], the test was conducted both monocularly and binocularly at a test
distance of 1m and with best refractive correction for the test distance. In order to

avoid memorization, different test panels were used for each eye.

Statistical analysis

Statistical analysis was performed using the software environment R (version 3.2.3,

The R Foundation for Statistical Computing, Vienna, Austria).

Continuous variables were described by using the mean + standard deviation and
categorical variables were analyzed using frequency tables. Spearman correlation
analyses were carried out in order to illustrate the relationships between stereoscopic

test results and scotoma characteristics. A p-value < 0.05 was considered significant.
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Results

Fifty patients (24 males, 26 females) with a mean age of 62.3 years (£SD 6.6; range:
53-76) and 25 age-related controls (12 males, 13 females, mean age 61.7 years +SD
5.0, range 51-70) were included in the study. All participants showed a positive
Bagolini test, indicating simultaneous vision and fusion as prerequisite for
stereoscopic vision[34]. Mean best corrected binocular distant visual acuity was 0.11
logMAR (20/25 Snellen (xSD 0.16 logMAR; range 0.6 to -0.2 logMAR)) in patients
and 0.0 logMAR (20/20 Snellen (+SD 0.07 logMAR; range 0.2 to -0.2 logMAR) in
controls. Mean best corrected monocular visual acuity was 0.24 logMAR in patients
(20/32 Snellen (xSD 0.26 logMAR,; range 0.7 to -0.2 logMAR) and 0.04 logMAR
(20/20 Snellen (£SD 0.09 logMAR,; range 0.2 to -0.2 logMAR) in controls. Contrast
sensitivity measurement revealed similar thresholds for patients and controls: mean
monocular contrast sensitivity was 1.64 logMAR (xSD 0.21; range 1.05 to 1.95) in
patients and 1.67 logMAR (£SD 0.1, range 1.5 to 1.95) in controls. Mean binocular
contrast sensitivity was 1.85 logMAR (£SD 0.18; range 1.35 to 1.95) in patients and
1.87 logMAR (£SD 0.1, range 1.65 to 1.95) in controls. Controls had normal retinal

function on microperimetry testing.

Stereoscopic vision:

Stereoscopic vision was significantly decreased in patients with MacTel compared to
age related controls (p<0.0001). Both random dot stereo tests (TNO, Lang test) and
contour stereo test (Titmus) revealed reduced stereoscopic function in patients with
relative and/ or absolute scotomata (Fig. 2). A subgroup analysis according to
monocular/ binocular presence of a relative or absolute scotoma (Fig. 2-B, -D)
showed decreased stereoscopic function even in patients with monocular scotoma

only (AO group) and in patients with relative scotomata only (RR group). The only

9
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patient with normal microperimetry in both eyes showed an intact stereoscopic

function (not shown in Fig. 2-B and -D).

In contrast to patients with absolute scotomata, patients with relative scotomata
achieved worse results in TNO test compared to Titmus test (***p<0.001, data not
shown). Lang test | was negative (i.e. no object seen) in 32 out of 50 patients (64%).
Only 18 out of 50 patients (36%) were able to identify one or two out of three objects.
13 of these patients were from group RO (3/13) and RR (10/13). 3 patients were from

group AO. All controls (n=25) were able to see all 3 test objects.

Central visual acuity, contrast sensitivity and stereoscopic function

Contrast sensitivity was similar in patients and controls both under monocular and
under binocular testing conditions (see above). Patients did not exhibit significant
interocular differences between right and left eye (Wilcoxon matched-pairs signed
rank test: p=0.88). Central visual acuity was significantly correlated to contrast
sensitivity (Spearman correlation coefficient: r=0.50, p<0.01), but not to stereoscopic
function (r=0.10 (TNO) and r=0.19 (Titmus), respectively, both p>0.05). Figure 4
shows the high interindividual variability and elevation of stereothresholds that we

observed in our patient cohort despite of a mainly preserved visual acuity.

Correlation of stereoscopic vision with scotoma characteristics

Horizontal scotoma size was strongly correlated to both TNO and Titmus test results
(Spearman correlation coefficient for absolute scotomata (additive value for both
eyes) r=0.64 (TNO) and 0.75 (Titmus), respectively). Vertical scotoma size and total
scotoma surface area were both significantly associated with TNO and Titmus test
results (Spearman correlation coefficient for absolute scotomata (additive value for

both eyes): vertical size: r=0.53 (TNO) and 0.60 (Titmus); surface area: r=0.49 (TNO)
10
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and 0.47 (Titmus), data not shown). We did not observe a significant difference
between the correlation coefficients considering the values of both eyes and the

worse eye only (data not shown).

Both TNO and Titmus test results showed a negative, significant correlation with
distance of the scotomata to the foveola (Spearman correlation r=-0.61, p<0.0001
and r=-0.59, p<0.0001 respectively). In Titmus test, a sharp functional decrease was
observed when scotomata approached the foveola < 1°. Patients showing scotomata
located < 0.5° to the foveola were only capable of passing the Titmus screening test

(Titmus fly positive, ca. 3500 seconds of arc).

Discussion

Stereoscopic function is early impaired in MacTel and is associated with paracentral

sensitivity loss

A loss of paracentral sensitivity resulting in relative and absolute scotomata is a
typical finding in MacTel type 2 and often occurs bilaterally.[7] In this study, we
showed that this sensitivity loss was significantly correlated with an impairment of
stereoscopic function. This seemed to be the case even for patients with early
disease stages in one or both eyes who showed preserved retinal sensitivity in one
eye (n=9; yet with significance only reached for the A0 subgroup, presumably due to
low numbers) and/or only a relative reduction of sensitivity. The only patient without

any sensitivity loss showed no impairment in stereoscopic function.

Of note, these phenomena were observed in spite of a mainly preserved central
visual acuity. Out of our total patient cohort, only 6/50 patients had a unilateral VA of
=0.5 logMAR (=20/63 Snellen (range 0.5-0.7 logMAR)) in their worse eye and 43/50

patients had a binocular VA of < 0.2 logMAR (220/32 Snellen). Although previous
11
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studies indicated some association between visual acuity and stereoacuity, a direct
correlation has never been documented.[38,39] It was shown that good stereo test
results (up to 40 seconds of arc in Titmus test) may even be achieved when visual
acuity is reduced to 20/200 on both eyes.[40,41] Simons and Reinecke noted that
amblyopic patients were able to achieve test results up to 140 ArcSec in Titmus test
with monocular visual acuity of <20/300 in their worse eye[42]. Levy and Glick found
that normal probands with artificially reduced visual acuity of <20/40 in their worse
eye achieved test results of up to 40 ArcSec in Titmus test. At a monocular visual
acuity of 20/200, mean stereoacuity was 160 ArcSec in these probands.[39] In a later
study including both probands with experimental and organic amblyopia, Goodwin
and Romano demonstrated mean values of 378 ArcSec in Titmus test for patients
with experimental monocular amblyopia of 20/40, 136 ArcSec for patients with
experimental binocular amblyopia of 20/40 and similar or even better values for
patients with organic amblyopia and equivalent visual acuity. In their experiments, a
visual acuity threshold of 20/40 or better was necessary in order to achieve
stereothresholds <40 ArcSec.[22] In our study, however, patients with a visual acuity
of their worse eye of 20/40 or better averaged much higher stereothresholds of 737
ArcSec. In a subgroup of patients with a completely preserved visual acuity (VA of
their worse eye of 0.1 logMAR (20/25) or better; n=16) and normal contrast sensitivity
(mean values: monocular 1.81 logMAR, binocular 1.95 logMAR), stereothresholds in
Titmus test averaged 866 ArcSec (see figure 4-B). Thus, a mere reduction of visual
acuity cannot account for the marked decrease in stereoacuity that we observed in

our patients.

Contrast sensitivity measures the ability to discern between luminances of different

levels in a static image. In binocular vision, a summation of monocular contrast

12
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sensitivity can be observed.[36,37] Previously, it was proposed that stereothresholds
are elevated by binocular suppression caused by interocular differences in contrast
vision.[43-46] This was even the case, when interocular differences were as small as
50-25%.[47] However, in our patient cohort, interocular differences in contrast
sensitivity averaged below 10% in patients. Overall, under photopic conditions, we
did not note a significant difference in contrast sensitivity between patients and

controls.

In conclusion, neither a decrease of visual acuity nor of contrast sensitivity nor
interocular differences may explain the distinct reduction of stereoscopic function,

that we found in patients with MacTel.

Scotoma size and projection is crucial for stereoscopic function and should be

considered when interpreting stereoscopic test results.

In this analysis, stereoscopic function decreased with scotoma size and proximity of
scotomata to the foveal center. However, differences between the conducted stereo
tests were observed as follows: In Titmus test, we noted a sharp decrease of
stereoscopic function in patients with scotomata approaching the foveola <1°. This
observation may be explained by the projection of an individual’s scotomata in the

central visual field, on the fixated test object and its contours.

In Titmus test, at a test distance of 40 cm, the visual angle a of one single Titmus ring
is 1.15°. For complete perception of each single ring, a scotoma free area of 0.57°
from the foveal center is required for each eye. The simultaneous perception of all 4
Titmus rings within one test field is necessary to compare the rings and decide which

one steps out of the picture. In order to achieve test results <200 ArcSec (higher

13
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(false positive) results may be achieved with monocular vision[48]), a scotoma free

area of at least 1.86° from the foveola would be required in each eye.

In TNO test, test objects are larger: One test circle has a visual angle of 8.8°, while
the opening of the circle has a visual angle of 4.4°. Scotomata that were projected at
either the object borders or within the opening of the circle comprised an obstacle to
the detection of the opening of the circle for patients. However, patients described

seeing parts of the circles distorted or even missing.

In Lang | test, the majority of our patients (62%) were not able to identify any object.
However, most patients were capable of localizing two to three objects on the test
panel, but could not identify their shapes. Interestingly, patients were rather able to
identify the car (550 ArcSec; size: 10°) than the cat (1200 ArcSec, size: 4.8°) or the
star (600 ArcSec; size: 3.4°), indicating that the Lang test results rather seemed to
depend on the size of the test object than on its horizontal disparity. Figure 3 shows a
detailed overview over individual scotoma projection on different test panels and the

according test results that patients achieved in TNO and Titmus test (fig. 3-B).

In general, in random dot stereo tests (TNO, Lang |) missing image information may
overall have a greater influence on the test results than the horizontal disparity of the
test objects. This may be due to the proportion and position of scotomata, especially
in relation to the size of the test object, and, more importantly, due to the projection of
scotomata at the contours of the test objects. This may also explain why patients with
relative scotomata with good test results in Titmus test had a significantly worse
outcome in TNO test. These observations are in accordance with the results of
Friedburg et al[26], who suggested that a decreased density of local stereo
information caused by a not sharply delimited paracentral scotoma interferes with

Random dot test results. Moreover, our results are in line with the findings of Hirai et
14
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al, who proposed that an intact central visual field of approximately 5° to 6° is
necessary in order to maintain central stereopsis?®, which exactly corresponds to the

area that is typically affected in patients with MacTel.

Figure 5 illustrates different examples of scotoma projection (patient’s view) within

0.5 to 5° of the central visual field on different test panels.

In summary, in this study we are showing impaired stereo vision in patients with
MacTel which seems to be associated with scotoma size and position, even if the
scotoma is limited to one eye. To our knowledge, this is the first study showing an
impaired stereoscopic vision as early functional deficit in patients with MacTel.
Further studies are warranted in order to compare stereoscopic vision in MacTel with
other macular diseases resulting in a monocular or binocular paracentral sensitivity

loss.

15
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Fixation point

Panum’s area

Horopter

scotoma ¢ i scotoma

Figure 1

Schematic representation of asymmetric bilateral paracentral temporal scotomata
and their projection in the patient’s central visual field. Left eye: large scotoma
located close to the foveola (blue); right eye: small scotoma with greater distance to
the foveola (red). Both scotomata are projected within the Panum’s area, leading to a
loss of spatial information within these sectors due to absent retinal correspondence.

Thereby the patient’s stereoscopic perception is impaired.
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Figure 2

MacTel patients showed a significantly decreased stereoscopic function in both TNO
and Titmus test compared to age-related controls (2-A and -C; controls: n=25,

patients: n=50; both ****p<0.0001).

2-B, -D — Subgroup analysis for TNO-test (B) and Titmus test (D): controls: n=25; RO:

n=4; RR: n=12; AO: n=5; AR: n=10; AA: n=18. (Subgroup 00: n=1 is not shown here).

Patients of all subgroups had overall decreased test results in both TNO and Titmus
test compared to controls. However, significant differences were not observed for the
RO subgroup in both tests and for patients with relative scotomata only (RR) in

Titmus test (p=0.08). *p<0.05; **p<0.01; ***p<0.0001; ns: no significant difference.

Note the worse outcome in TNO compared to Titmus test for patients with relative

scotomata only (RO and RR-subgroups; Fig. 2-B, -D).
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Figure 3

Projection of paracentral scotomata within the patient’s central visual field and
respective to the contours of different test objects (A) seems to be crucial for
stereoscopic test outcome (B). n=50 patients, 100 eyes. Note the sharp decrease in
stereoscopic function with bilateral occurrence of absolute and relative scotomata on
both eyes (Figure 3-B, group AR), growing scotoma size and increasing proximity of

scotoma to the foveal center (Figure 3-A).

A — Ranking according to size, position (respective to the foveola: 0° eccentricity) and
depth of scotomata (subgroups 00 to AA) in both eyes and projection of scotomata
within the patient’s central visual field. Red: absolute scotomata, blue: relative

scotomata.

B — Titmus and TNO test results achieved by patients of figure 3-A.
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C — Visual acuity of both eyes (white dots) and the patient’s worse eye (black dots),
respectively, of patients of figure 3-A. Note the differing courses of the curves of

visual acuity and stereoacuity (3-C and -B).
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Figure 4

Despite of a mainly preserved visual acuity, elevated stereothresholds and a high

interindividual variability of stereo test results were present in patients with MacTel.

A — Despite of an overall decrease of stereoacuity (SA) with loss of visual acuity (VA,
monocular, worse eye), only a weak, not significant correlation between VA and SA
was observed (n=50; see text). In previous studies [22, 39], a visual acuity threshold
of at least 20/40 (0.3 logMAR) in the worse eye was shown to be necessary in order

to achieve stereo test results of < 40 ArcSec (shaded area).

B — Subgroup analysis of patients with normally preserved visual acuity (20/25 or
better in the patients” worse eye) and normal contrast sensitivity (n=16). Note the
decreased stereoacuity in these patients despite of normal visual acuity and normal

contrast sensitivity.
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Figure 5

Exemplary schematic representation of bilateral paracentral scotomata (lighter
sectors with impaired depth perception due to monocular perception only) within the

central visual field on Titmus, Lang | and TNO test panels:
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5-A: between 0.5° and 2° and

5-B: between 2° and 5°.

1-single Titmus ring; 2- test field with four Titmus rings; 3 — 5: Lang | test; 6-7: TNO-

test.

Dependent on size, depth and location of scotomata as well as on size and horizontal
disparity of the test object, the patient is not able to identify the contours and
distinguish the shapes from the background. Note, that in this simplified

representation, the patients fixate on the center of each target item.

Table 1

Stereoscopic tests and their characteristics

Stereoscopic test TNO Titmus Lang
Testing of global/ local stereopsis global local global
Category of stereo testing random dot contour random dot
Screening test available yes yes yes
Limit of screening test [seconds of arc] 1700 3500 600
Quantitative/ qualitative testing guantitative guantitative semi-quantitative
Range of horizontal disparity [seconds of arc] 15 to 480 40 to 800 240 to 600
Size of test objects (horizontal diameter
[degrees]) 1.15 (single test ring) to 3.72 (test field) 3.4t0 10
Examplary test object(s) ,&,
X &
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