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Abstract

Purpose To quantify stereopsis and other visual functions in patients with unilateral branch retinal vein occlusion (BRVO)
and to investigate vision-related parameters that affect stereopsis.

Design Prospective observational study.

Subjects Forty-five patients undergoing intravitreal ranibizumab (IVR) treatment for unilateral BRVO.

Methods We examined stereopsis using the Titmus stereo test (TST) and TNO stereotest (TNO), best corrected visual acuity
(BCVA), letter contrast sensitivity, severity of metamorphopsia and degree of aniseikonia before and 6 months after IVR.
Main outcome measures Visual functions that affect stereopsis.

Results Baseline stereopsis in patients with BRVO was 2.7 £ 0.6 (range, 1.6-3.5) in the TST and 2.8 + 0.5 (range, 1.8-3.3)
in TNO. TST and TNO scores were significantly correlated with BCV A and letter contrast sensitivity at baseline (P < 0.001)
but not with other visual functions. IVR treatment significantly improved stereopsis, BCVA, and letter contrast sensitivity.
After treatment, TST scores were significantly correlated with BCVA (P <0.001), letter contrast sensitivity (P < 0.001), and
aniseikonia (P <0.01). TNO scores were significantly correlated with BCVA (P <0.01) and letter contrast sensitivity (P <
0.01). TST and TNO scores after treatment were significantly correlated with BCVA at baseline (P <0.01 for both).
Conclusions Deterioration of stereopsis in patients with BRVO was associated with changes in visual acuity and contrast

sensitivity after treatment. Initial visual acuity is a prognostic factor for posttreatment stereopsis.

Introduction

Branch retinal vein occlusion (BRVO) is a common retinal
disease, in which not only visual acuity but various visual
functions, such as stereopsis, contrast sensitivity, meta-
morphopsia, and aniseikonia, are also impaired [1-6]. A
study investigated binocular visual function following
intravitreal ranibizumab (IVR) injection for BRVO and
found that unilateral BRVO caused the deterioration of
stereopsis [2].

Stereopsis is the ability to perceive depth of field based
on the parallax between the images of both eyes. It is an
important function in binocular vision. Visual acuity is a
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parameter that affects stereopsis. Stereopsis is frequently
lost in patients with visual impairment in one eye [7-11]. A
number of other factors affect stereopsis, including anisei-
konia [12-14], eye dominance [12, 15], pupil size [14, 16],
accommodation [11, 17] and amblyopia [11].

Several studies have found the deterioration of stereopsis
in retinal disorders, including BRVO, epiretinal membrane
(ERM) [18, 19], macular hole (MH) [20, 21], and after
rhegmatogenous retinal detachment (RD) surgery [22]. We
found a significant deterioration in stereopsis in patients
with BRVO compared with normal subjects. IVR injections
improved stereopsis in patients with BRVO; however, the
improvement was not to a normal level. Stereopsis is a part
of binocular function; therefore, unilateral metamorphopsia,
contrast sensitivity and aniseikonia may affect stereopsis.
However, to our knowledge, no studies have elucidated the
details of vision-related parameters that cause stereopsis
deficits in BRVO patients.

The purpose of this study was to quantify stereopsis and
other visual function parameters, including visual acuity,
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contrast sensitivity, metamorphopsia and aniseikonia, in
patients with unilateral BRVO and identify vision-related
parameters that affect stereopsis.

Methods

This prospective study was approved by the Institutional
Review Board of the University of Tsukuba Hospital and
adhered to the tenets of the Declaration of Helsinki. Signed
informed consent was obtained from all study subjects after
the nature of the study was explained. Patients who were
diagnosed with BRVO at the University of Tsukuba Hos-
pital between April 2015 and May 2018 were included in
the study. All patients were treatment-naive without any
history of treatment with intravitreal antivascular endothe-
lial growth factor, intraocular corticosteroids, vitrectomy or
retinal photocoagulation. The exclusion criteria were stra-
bismus, moderate or severe cataract, any systemic disease
that could affect ocular motility, anisometropia >2 dioptres
and amblyopia.

This study was conducted after determining a reasonable
sample size. In previous studies, the mean change was 0.66
(range, 2.72-2.06, standard deviation 0.50) in stereopsis [2]
and 6.0 (range, 14.3-20.4, standard deviation 5.0) in con-
trast [4]. Power analysis, a sample size calculation techni-
que, was performed along with paired #-test at a power of
0.8 and a significance level of 0.05, respectively. We ana-
lysed the sample size for significant differences in stereopsis
and contrast and found 20 and 25 cases, respectively.
Therefore, we decided to include >25 patients for this study.

Eligible patients were examined every month and treated
with IVR injection pro ne nata for 6 months. IVR injections
were administered starting from the time of diagnosis with
additional ranibizumab injections if central retinal thickness
was >300 um or serous RD or subretinal haemorrhage was
present. All patients were examined for best corrected visual
acuity (BCVA), stereopsis, letter contrast sensitivity, severity
of metamorphopsia and degree of aniseikonia at baseline and
after 1, 2, 3, 4, 5, and 6 months.

BCVA was measured using the Landolt chart and
expressed as the logarithm of the minimum angle of reso-
lution (logMAR).

Stereopsis was measured using the Titmus stereo test
(TST) and TNO stereotest (TNO) at a viewing distance of
40 cm with appropriate spectacle correction. To ensure that
the patients were not using monocular clues in the TST, their
responses were checked by inverting the stereo target and
asking if the target appeared in front of or behind the page.
The TST and TNO results were expressed as seconds of arc
and we converted these values to logarithms for statistical
assessment. We examined letter contrast sensitivity using the
CSV-1000LV chart (Vector Vision, Greenville, OH, USA).

SPRINGER NATURE

This chart consists of 24 letters; 3 letters with the same
contrast are shown, and the subject is asked to enter the
letters that can be seen. The contrast is reduced in each
subsequent triplet. If no letters are detected, the subject
receives a score of 0, and the highest score is 24. The test
was performed monocularly with an undilated eye and
optimal eyeglass correction at a distance of 2.5m. The
severity of metamorphopsia was recorded using M-
CHARTS (Inami Co., Tokyo, Japan). This chart has 19
double lines with dots, spaced at a visual angle of 0.2-2.0
degrees. If a continuous line is used instead of a dotted line,
and the dot spacing is changed from fine to coarse lines,
increasing the dot spacing will reduce the distortion of the
line until the line appears to be continuous [23, 24]. If the
patient recognised a straight line (0 degrees) as irregular or
curved, we continued the test with M-CHARTS, where the
intervals of the dotted line gradually changed from fine to
coarse on subsequent pages. When the patient recognised a
dotted line as straight, the visual angle separating the dots
was determined to represent the patient’s metamorphopsia
score. The test was performed monocularly with an undi-
lated eye and optimal eyeglass correction at a distance of 30
cm. Vertical and horizontal meridians were assessed, and
their mean values were analysed. We examined the degree
of aniseikonia with the New Aniseikonia Test (NAT; Han-
daya, Tokyo, Japan). NAT measures aniseikonia by simply
using a special book and red/green glasses. The book has the
pictures of red and green semicircles presented side-by-side,
wherein the distance and size increases by 1% each time
from 1 to 24%. Patients with red/green glasses viewed the
page from a distance of 40 cm and were instructed to select
the pair in which both semicircles appeared to be the same
size. The ratio of the semicircle sizes in the selected pair
indicated the percentage of aniseikonia. We defined mac-
ropsia when the percentage of aniseikonia was >2% and
micropsia when the percentage was <—2%. All ophthalmic
examinations were performed by skilled orthoptists.

The mean and standard deviation were calculated to
compare all vision-related parameters. The Wilcoxon signed
rank test was used to examine differences in visual functions
before and after treatment. Associations between stereopsis
and other vision-related parameters, including BCVA, letter
contrast sensitivity, metamorphopsia, and aniseikonia,
were examined using the Spearman rank correlation test. All
statistical analyses were performed by SPSS software
25.0 (SPSS, Chicago, IL, USA). A P value<0.05 was
considered to indicate statistical significance.

Results

Forty-five eyes of 45 patients (20 men and 25 women) with
a mean age of 66.6 + 11.4 years who were diagnosed with
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Table 1 Clinical features and
visual functions before and after

treatment in patients with branch
retinal vein occlusion.

Baseline Six months after treatment p values
Age (years) 66.6x11.4 - -
Sex (men/women) 20/25 - -
Best-corrected visual acuity (logMAR) 0.37+0.31 0.07 £0.19 <0.001*
Titmus Stereo Test (TST) (log) 2.7+0.6 20+03 <0.001*
TNO stereotest (log) 2.8+05 22+05 <0.001*
Letter contrast sensitivity (letters) 14.8+5.7 21.2+£35 <0.001*
Severity of metamorphopsia (°) 0.5+0.6 0.5+0.6 0.98
Degree of aniseikonia (%) —-1.0+£2.6 —-0.6x14 0.31

Values are presented as the mean + standard deviation.

logMAR logarithm of the minimum angle of resolution.

“Statistically significant compared with baseline.

Table 2 Relationship between stereopsis and other visual functions at
baseline in patients with branch retinal vein occlusion.

Table 3 Relationship between stereopsis and other visual functions at
6 months after treatment in patients with branch retinal vein occlusion.

TST at baseline TNO at baseline

r p r p
Best-corrected visual acuity 0.65 <0.001? 0.58 <0.001*
Letter contrast sensitivity —-0.54 <0.001* —-0.60 <0.001*
Severity of metamorphopsia 0.01 0.92 0.03 0.83
Degree of aniseikonia 0.18 0.25 —0.08 0.61

TST Titmus Stereo Test, TNO TNO stereotest.

#Significant correlation between the parameters (Spearman’s Correlation
coefficient).

BRVO were included in the study. All patients had uni-
lateral BRVO and were treated with IVR injections without
complications such as RD, endophthalmitis, myocardial
infarction or cerebral infarction.

Table 1 shows visual functions before and after IVR
treatment. IVR significantly improved BCVA (P <0.001),
stereopsis according to the TST (P <0.001) and TNO (P <
0.001), and letter contrast sensitivity (P <0.001). The
severity of metamorphopsia and the degree of aniseikonia
were not improved by IVR treatment. At baseline, ste-
reopsis according to the TST was significantly correlated
with BCVA (P <0.001) and letter contrast sensitivity (P <
0.001). Similarly, the TNO score was significantly corre-
lated with BCVA (P <0.001) and letter contrast sensitivity
(P<0.001) (Table 2).

After IVR treatment, the TST score was significantly
correlated with BCVA (P < 0.001), letter contrast sensitivity
(P<0.001), and degree of aniseikonia (P <0.01), and the
TNO score was significantly correlated with BCVA (P <
0.001) and letter contrast sensitivity (P <0.001) (Table 3).

As shown in Table 4, stereopsis after treatment according
to TST was significantly correlated with BCVA at baseline
(P<0.001) (Fig. 1A) but not with other visual functions.
Similarly, stereopsis after treatment according to TNO was

TST after TNO after

treatment treatment

r p r p
Best-corrected visual acuity 0.51 <0.001* 0.48 <0.001*
Letter contrast sensitivity -0.56 <0.001* —-0.41 <0.001*
Severity of metamorphopsia 0.29 0.06 0.20 0.20
Degree of aniseikonia —-043 <0.01* —0.20 0.20

TST Titmus Stereo Test, TNO TNO stereotest.

Significant correlation between the parameters (Spearman’s Correla-
tion coefficient).

Table 4 Relationship between stereopsis at 6 months after treatment
and other visual functions at baseline in patients with branch retinal
vein occlusion.

Parameters at baseline TST after TNO after
treatment treatment
r p r P
Best-corrected visual acuity 0.42 <0.001* 0.45 <0.001*
Letter contrast sensitivity —0.21 0.18 —0.27 0.08
Severity of metamorphopsia 0.08 0.61 —0.07 0.63
Degree of aniseikonia 0.03 0.87 —0.13 0.39

TST Titmus Stereo Test, TNO TNO stereotest.

Significant correlation between the parameters (Spearman’s Correla-
tion coefficient).

significantly correlated with BCVA at baseline (P <0.001)
(Fig. 1B) but not with other visual functions.

Discussion
IVR treatment in patients with BRVO improved not only
their visual acuity but also stereopsis and letter contrast

sensitivity. Several large clinical trials also showed that
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Fig. 1 Relationship between best corrected visual acuity at baseline
and Stereopsis after treatment in patients with branch retinal vein
occlusion. A Titmus stereo test score after treatment was correlated with

IVR improved visual acuity in patients with BRVO
[25-27]. IVR treatment for BRVO [2] and vitrectomy for
rhegmatogenous RD [19] and ERM [22] have been
reported improve stereopsis. However, metamorphopsia
and aniseikonia were not improved by IVR therapy.
Sugiura et al. and Osaka et al. reported that eyes with
BRVO often had persistent metamorphopsia after IVR
treatment, even when visual acuity and retinal morphol-
ogy were improved [6, 28].

A study revealed that stereopsis for BRVO patients and
IVR treatment improved stereopsis albeit not to a normal
level [2]. However, no study has clarified which visual
functions affect stereopsis. Therefore, we designed
this study to identify vision- related parameters that
affect stereopsis. This is the first study to report vision-
related parameters that affect stereopsis in patients with
unilateral BRVO.

There were significant relationships between stereopsis
(according to TST and TNO) and BCVA at baseline and
after treatment in this study. Furthermore, TST and TNO
scores after treatment were significantly correlated with
BCVA at baseline. This indicates that initial visual acuity
may be a prognostic factor for stereopsis after treatment.
Stereopsis was correlated with visual acuity in patients after
surgery for RD [29] and MH [20]. It is well known that
stereopsis is related to visual acuity [7, 10, 11, 30]. Ste-
reopsis was worse in subjects with a large difference in
visual acuity between the two eyes, and stereopsis and the
difference in visual acuity between the two eyes were cor-
related [7]. Goodwin et al. showed that stereopsis was
reduced as soon as visual acuity, both monocular and
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B TNO stereotest score after treatment was correlated with best-corrected
visual acuity at baseline (Spearman rank correlation test).

binocular, was reduced by cycloplegia or fogging with
spherical lenses in normal adult volunteers with normal
binocular single vision [11]. On the basis of previous stu-
dies, stereopsis may be most affected by visual acuity.
However, our results revealed that visual acuity is not the
only factor affecting stereopsis. The degrees of disturbance
of visual acuity and stereopsis have been shown to be sig-
nificantly correlated. A healthy subject whose visual acuity
in one eye was impaired to 100/200 by a convex lens could
discriminate from circle 9 to circle 8 in the TST [31].
However, in the present study, BRVO patients whose visual
acuity improved to 180/200 after IVR treatment could dis-
criminate only circle 4 in the TST.

TST and TNO scores were significantly correlated with
changes in letter contrast sensitivity before and after
treatment. Several studies have reported a relationship
between contrast sensitivity and stereopsis [31-35]. Ste-
reopsis improves with increasing contrast, unless the
increase is monocular [31]. Schor et al. reported that
stereo thresholds were elevated by binocular suppression,
which was evoked by interocular differences in contrast
[32]. Halpern et al. found that stereopsis for conventional
(first-order) stimuli improved with increasing contrast
with an approximate slope of —0.5 on log-log axes [33].
When the contrast observed by one eye was reduced to
produce unequal monocular contrasts, the disparity
threshold rose more than that when the contrast observed
by the two eyes was reduced by the same amount [34].
Simons et al. reported that stereoacuity in a number of
common clinical tests was reduced twice as much by
degradation of the contrast of one eye’s image as by an
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equal reduction of contrast of the image in both eyes [35].
Disturbance of contrast sensitivity resulting from retinal
diseases might worsen stereopsis.

The TST score was significantly correlated with the
degree of aniseikonia after treatment. Previous studies
revealed a relationship between stereopsis and aniseikonia
[12—-14]. Rutstein et al. reported that retinally induced ani-
seikonia resulted in poorer stereopsis with ERM, RD, or
age-related macular degeneration [36]. Even if 1 dioptre
made experimental anisometropia (~1% of aniseikonia) in
normal subjects, stereopsis broke down [37]. Therefore,
aniseikonia in patients with BRVO may contribute to the
impairment of stereopsis.

This study has several limitations. First, the sample size
was small and the follow-up period was short. Further
longitudinal studies with more subjects will be necessary to
verify our findings. Second, although other factors are
known to affect stereopsis, such as pupil size [14, 16], eye
dominance [12, 15], and accommodation [11, 17], we did
not evaluate these factors. However, the effects of pupil size
and eye dominance on stereopsis are subtle, and it is unli-
kely that our conclusions will change.

In summary, we assessed visual functions that affect
stereopsis in 45 patients with BRVO before and after IVR
treatment. Deterioration of stereopsis was associated with
changes in visual acuity and contrast sensitivity before and
after treatment. Initial visual acuity is a prognostic factor for
posttreatment stereopsis.

Summary
What was known before

e Stereopsis is impaired in patient with retinal disorder
such as BRVO, ERM, MH and RD. No one know
which visual function is affect stereopsis in patient
with BRVO.

What this study adds

e Deterioration of stereopsis in patients with BRVO is
associated with changes in visual acuity and contrast
sensitivity from before to after treatment.
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